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The PALTM Concept 


Monolithic Memories' family of PAL devices gives design- 
ers a powerful 
tool with unique capabilities for use in 


new and existing logic designs. The PAL saves time and 
money by solving many of the system partitioning and 
interface 
problems 
brought 
about 
by increases 
in 


semiconductor device technology 


Rapid advances in large scale integration technology 
have led to larger and larger standard logic functions; 
single I.C.s now perform functions that formerly required 
complete circuit cards. While LSI offers many advan- 
tages, advances have been made at the expense of 
device flexibility. Most LSI devices still require large 
numbers of SSI/MSI devices for interfacing 
with user 


systems. Designers are still forced to turn to random 
logic for many applications. 


The designer is confronted with another problem when a 
low to medium complexity product is designed. Often the 
function is well defined and could derive significant ben- 
efits from fabrication as an integrated circuit. However, 
the design cycle for a custom circuit is long and the costs 
can be very high. This makes the risk significant enough 
to deter most users. The technology to support maximum 
flexibility combined with fast turn around on custom logic 
has simply 
not been available. Monolithic 
Memories 


offers the programmable 
solution. 


The PAL family offers a fresh approach 
to using fuse 
programmable 
logic. PALs are a conceptually 
unified 
group of devices which combine programmable flexibil- 
ity with high speed and an extensive selection of in- 
terface options. PALs can lower inventory, cut design 
cycles 
and provide 
high 
complexity 
with maximum 


flexibility. These features, combined 
with lower pack- 


age count and high reliability, truly make the PAL a 
circuit designer's best friend. 


The PAL-Teaching 
Old PROMs 


New Tricks 


MMI developed the modern PROM and introduced many of the 
architectures 
and 
techniques 
now 
regarded 
as industry 


standards. As the world's largest PROM manufacturer, MMI has 
the proven technology and high volume production capability 
required to manufacture and support the PAL. 


The PAL is an extension of the fusible link technology pioneered 
by Monolithic Memories for use in bi-polar PROMs. The fusible 
link PROM first gave the digital systems designer the power to 
"write on silicon." In a few seconds he was able to transform a 
blank PROM from a general purpose device into one containing 
a custom algorithm, microprogram, or Boolean transfer function. 
This opened up new horizons for the use of PROMs in computer 
control stores, character generators, data storage tables and 
many 
other 
applications. 
The 
wide 
acceptance 
of 
this 
technology 
is clearly 
demonstrated 
by today's 
multi-million 
dollar PROM market. 


The key to the PROM's success is that it allows the designer to 
quickly 
and 
easily 
customize 
the 
chip 
to fit 
his 
unique 
requirements. The PAL extends this programmable flexibility by 
utilizing 
proven 
fusible 
link technology 
to implement 
logic 


functions. Using PALs the designer can quickly and effectively 
implement 
custom 
logic varying 
in complexity 
from random 
gates to complex arithmetic functions. 


The PAL implements the familiar sum of products logic by using 
a programmable AND array whose output terms feed a fixed OR 


array. Since the sum of products form can express any Boolean 
transfer function, the PAL's uses are only limited by the number 
of terms available in the AND - OR arrays. PALs come in dif- 
ferent sizes to allow for effective logic optimization. 


Figure 1 shows the basic PAL structure for a two input, one output 
logic segment. The general logic equation for this segment is 


Output = (11+f1)(11+f2)(12+f3)(12+f4) 
+ 


(11+15)(I1+f6)(12+f7) (12+f8) 


where the "f" terms represent the state of the fusible links in the 
PAL's AND array. An unblown link represents a logic 1. Thus, 


fuse blown, f = 0 


fuse intact, f = 1 
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Logic equations, while convenient for small functions, rapidly 
become cumbersome 
in large systems. 
To reduce 
possible 
confusion, complex logic networks are generally defined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PAL logic easy to understand and use. In the 
figure, an "x" represents an intact fuse used to perform the logic 
AND function. (Note: the input terms on the common line with 
the x's are not connected together.) The logic symbology shown 
in Figure 2 has been informally adopted by integrated circuit 
manufacturers 
because 
it clearly 
establishes 
a one-to-one 
correspondence between the Chip layout and the logic diagram. 
It also allows the logic diagram and truth table to be combined 
into a compact and easy to read form, thereby serving as a 
convenient shorthand for PALs. The two input - one output ex- 
ample from Figure 1 redrawn using the new logic convention is 
shown in Figure 3. 


~=O-A'B'C 
ABC 


-#t-o-A.B'C 


As a simple PAL example, consider the implementation of the 
transfer function: 


Output = 1112+ GI2 


The normal 
combinatorial 
logic diagram 
for this function 
is 


shown in figure 4, with the PAL logic equivalent shown in fig- 
ure 5. 
:~==C£6 


Using this logic convention it is now possible to compare the 
PAL structure to the structure of the more familiar PROM and 
PLA. The basic logic structure of a PROM consists of a fixed 
AND array whose 
outputs 
feed a programmable 
OR array 


(figure 6). PROMs are low-cost, easy to program, and available 
in a variety of sizes and organizations. They are most commonly 


plications the fixed input is a computer memory address; the 
output is the contents of that memory location. 
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The basic logic structure of the PLA consists of a programmable 
AND array whose 
outputs 
feed a programmable 
OR array 


(Figure 7). Since the designer has complete control over all in- 
puts and outputs, the PLA provides the ultimate flexibility for im- 
plementing logic functions. They are used in a wide variety of 
applications. However, this generality makes PLAs expensive, 
quite formidable 
to understand, and costly to program (they 


require special programmers). 


The basic logic structure 
of the PAL, as mentioned 
earlier, 


consists of a programmable AND array whose outputs feed a 
fixed OR array (Figure 8). The PAL combines 
much of the 


flexibility of the PLA with the low cost and easy programmability 
of the PROM. Table 1 summarizes 
the characteristics 
of the 


PROM, PLA, and PAL logic families. 
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AND 
OR 
OUTPUT OPTIONS 


PROM 
Fixed 
Prog 
TS, oe 
FPLA 
Prog 
Prog 
TS, oe, Fusible 
Polarity 
FPGA 
Prog 
None 
TS, oe, Fusible 
Polarity 
FPLS 
Prog 
Prog 
TS, Registered 
Feedback, 
I/O 
PAL 
Prog 
Fixed 
TS, Registered 
Feedback, 
I/O 
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~_ PAL Introduction 


PAL Input/Output/Function 
Chart 


PART 
PROGRAMMABLE 
FEEDBACK 
OUTPUT 
TpD 10L ICC 


NUMBER 
INPUT 
OUTPUT 
I/O'S 
REGISTER 
POLARITY 
FUNCTIONS 
ns, 
mA mA, 


TYP 
TYP 


PAL10H8 
10 
8 
AND-OR 
AND-OR 
Gate 
Array 
25 
8 
55 


PAL12H6 
12 
6 
AND-OR 
AND-OR 
Gate 
Array 
25 
8 
55 


PAL14H4 
14 
4 
AND-OR 
AND-OR 
Gate Array 
25 
8 
55 


PAL16H2 
16 
2 
AND-OR 
AND-OR 
Gate 
Array 
25 
8 
55 


PAL16C1 
16 
2 
BOTH 1 
AND-OR 
Gate 
Array 
25 
8 
55 


PAL20C1 
20 
2 
BOTH 1 
AND-OR 
Gate 
Array 
25 
8 
60 


PAL10L8 
10 
8 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
55 


PAL12L6 
12 
6 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
55 


PAL14L4 
14 
4 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
55 


PAL16L2 
16 
2 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
55 


PAL12L10 
12 
10 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
60 


PAL14L8 
14 
8 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
60 


PAL16L6 
16 
6 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
60 


PAL18L4 
18 
4 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
60 


PAL20L2 
20 
2 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
8 
60 


PAL16L8 
10 
2 
6 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
25 
24 
120 


PAL20L10 
12 
2 
8 
AND-NOR 
AND-OR 
Invert 
Gate 
Array 
35 
24 
90 


PAL16R8 
8 
8 
8 
AND-NOR 
AND-OR 
Invert 
Array 
w/Reg's 
25 
24 
120 


PAL16R6 
8 
6 
2 
6 
AND-NOR 
AND-OR 
Invert 
Array 
w/Reg's 
25 
24 
120 


PAL16R4 
8 
4 
4 
4 
AND-NOR 
AND-OR 
Invert 
Array 
w/Reg's 
25 
24 
120 


PAL20X10 
10 
10 
10 
AND-NOR 
AND-OR-XOR 
Invert 
w/Reg's 
35 
24 
120 


PAL20X8 
10 
8 
2 
8 
AND-NOR 
AND-OR-XOR 
Invert 
w/Reg's 
35 
24 
120 


PAL20X4 
10 
4 
6 
4 
AND-NOR 
AND-OR-XOR 
Invert 
w/Reg's 
35 
24 
120 


PAL16X4 
8 
4 
4 
4 
AND-NOR 
AND-OR-XOR 
Invert 
w/Reg's 
25 
24 
160 


PAL16A4 
8 
4 
4 
4 
AND-NOR 
AND-CARRY-OR-XOR 
Invert w/Reg's 
25 
24 
170 


PALs For Every Task 


The 
members 
of 
the 
PAL 
family 
and 
their 
characteristics 


are summarized 
in Table 
2. They 
are designed 
to cover 
the 


spectrum 
of logic functions 
at reduced 
cost and lower package 
count. 
This 
allows 
the designer 
to select the PAL that best fits 


his application. 
PALs come in the following 
basic configurations: 


Gate Arrays 


PAL gate arrays are available in sizes from 12x10 (12 input terms, 
10 output 
terms) 
to 20x2, with 
both 
active high and active 
low 


output 
configurations 
available 
(figure 
9). This 
wide 
variety 
of 


inpuVoutput 
formats 
allows 
the PAL to replace 
many different 


sized 
blocks 
of combinatorial 
logic 
with 
single 
packages. 


../ 
- 


~ 
•.. 


Programmable I/O 


A 
feature 
of 
the 
high-end 
members 
of 
the 
PAL 
family 
is 
programmable 
input/output. 
This 
allows 
the 
product 
terms 
to 


directly 
control 
the outputs 
of the PAL (Figure 
10). One product 


term is used to enable 
the three-state 
buffer, which 
in turn gates 


the 
summation 
term 
to the output 
pin. The 
output 
is also 
fed 


back into the PAL array as an input. Thus the PAL drives 
the I/O 


pin when the three-state 
gate is enabled; 
the I/O pin is an input 


to the 
PAL array 
when 
the 
three-state 
gate 
is disabled. 
This 


feature 
can be used to allocate 
available 
pins for I/O functions 
or 


to 
provide 
bi-directional 
output 
pins 
for 
operations 
such 
as 


shifting 
and rotating 
serial 
data. 


)- J 


~ 
~ 


•... 
...• 


Registered Outputs with Feedback 


Another 
feature 
of the high 
end members 
of the PAL family 
is 
registered 
data outputs 
with 
registered 
feedback. 
Each product 


term is stored 
into a Ootype output 
flip-flop 
on the rising edge of 


the system 
clock 
(Figure 
11). The Q output 
of the flip-flop 
can 


then be gated to the output 
pin by enabling 
the active low three- 


state buffer. 
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In addition 
to being 
available 
for transmission, 
the Q output 
is 


fed 
back 
into 
the 
PAL array 
as an input 
term. 
This 
feedback 


allows 
the 
PAL to "remember" 
the 
previous 
state, 
and 
it can 


alter its function 
based 
upon that state. This allows 
the designer 
to 
configure 
the 
PAL 
as 
a state 
sequencer 
which 
can 
be 


programmed 
to execute 
such elementary 
functions 
as count 
up, 


count 
down, 
skip, 
shift, 
and 
branch. 
These 
functions 
can 
be 


executed 
by the registered 
PAL at rates of up to 
20 MHz. 


" 


~ 
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These 
PALs 
feature 
an 
exclusive 
OR 
function. 
The 
sum 
of 
products 
is segmented 
into two sums which 
are then exclusive 


ORed 
(XOR) at the input 
of the Ootype flip-flop 
(Figure 
12). All 


of the features 
of the Registered 
PALs are included 
in the XOR 


PALs. 
The 
XOR 
function 
provides 
an easy 
implementation 
of 


the HOLD operation 
used in counters 
and other state sequencers. 


~D-I 
~ - 
~ 


I 


CLOCK 
OC 


~Q 


The arithmetic functions 
(add, subtract, greater than, and less 


than) are implemented 
by addition 
of gated feedback to the 


features of the XOR PALs. The XOR at the input of the D-type 
flip-flop 
allows carrys from previous operations to be XORed 


with two variable sums generated by the PAL array. The flip-flop 


combinations which are mapped in the Karnaugh map (Figure 
15). Figure 14 shows how the PAL array can be programmed to 
perform these 16 operations. These features provide for versatile 
operations on two variables and facilitate the parallel generation 
of carrys necessary for fast arithmetic operations. 


'r.;-~. 
~ q 
. 'l -- 
-x 
xx 
x- 
~ 


-- 
1 
A+a 
A 
A+B 


-x 
A+B 
A:+:B 
A-B 
B 


xx 
A 
A-a 
0 
A-B 


x- 
A+8 
a 
A-a 
A:-:B 


PAL Programming 


PALs 
can 
be programmed 
in most standard 
PROM 
program- 


mers 
with 
the 
addition 
of a PAL 
personality 
card. 
The 
PAL 


appears 
to the programmer 
as a PROM. 
During 
programming 


half 
of the 
PAL 
outputs 
are selected 
for 
programming 
while 


the other 
outputs 
and the inputs 
are used for addressing. 
The 


outputs 
are 
then 
switched 
to 
program 
the 
other 
locations. 
Verification 
uses 
the 
same 
procedure 
with 
the 
programming 


lines 
held 
in a low state. 


PALASM 
is the software 
used to define, simulate, 
build, and test 


PALs. 
PALASM 
accepts 
the 
PAL 
Design 
Specification 
as an 


input file. It verifies the design 
against an optional 
function 
table 


and generates 
the fuse plot which 
is used to program 
the PALs. 


PALASM 
is available 
upon 
request 
in many source code media 


and 
is doctJmented 
in the PAL 
Design 
Concepts 
section. 


The HAL family 
is the mask programmed 
version of a PAL. The 


HAL is to a PAL just as a ROM is to a PROM. A standard 
wafer is 


fabricated 
to the 6th mask. Then a custom 
metal mask is used to 


fabricate 
Aluminum 
links for a HAL instead of the programmable 


Ti-W 
fuse array 
used 
in a PAL. 


The HAL 
is a cost-effective 
solution 
for large quantities 
and is 


unique 
in that it is a gate array with a programmable 
prototype. 


These devices 
perform 
predetermined 
functions 
which 
are not 
available 
in the existing 
TTL family. 
Because they are produced 


in volume, 
the user receives the benefit of volume pricing. 
HMSI 
PAL 
designs 
are given 
in the 
Applications 
section 
with 
their 
74S number 
in line 2 of the 
PAL 
Design 
Specification. 


PALs are manufactured 
using the proven 
TTL Schottky 
bipolar 
Ti-W 
fuse 
process 
to 
make 
fusible-link 
PROMs. 
An 
NPN 
emitter 
follower 
array forms 
the programmable 
AND array. PNP 


inputs 
provide 
high-impedance 
inputs 
(0.25 mA max) to the ar- 
ray. All 
outputs 
are standard 
TTL 
drivers 
with 
internal 
active 
pull-up 
transistors. 
Typical 
PAL propagation 
delay time is 25 ns, 


and 
all PALs are packaged 
in space 
saving 
20-pin 
and 24-pin D 
SKINNYDIP'· 


The 
circuitry 
used for programming 
and 
logic 
verification 
can 


be used at any time to determine 
the logic pattern stored 
in the 


PAL array. 
For security, 
the 
PAL 
has a "last 
fuse" 
which 
can 
be blown 
to disable the verification 
logic. This provides 
a signifi- 


cant 
deterrent 
to 
potential 
copiers, 
and 
it 
can 
be 
used 
to 
effectively 
protect 
proprietary 
designs. 
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The 
PAL 
part 
number 
is unique 
in that 
the 
part 
number 
code 


also 
defines 
the 
part's 
logic 
operation. 
The 
PAL 
parts 
code 


system 
is shown 
in 
Figure 
17. 
For 
example, 
a 
PAL 14L4CN 


would 
be a 14 input 
term, 
4 output 
term, 
active-low 
PAL with 
a 


commercial 
temperature 
range 
packaged 
in a 20-pin 
plastic 
dip. 


HARD ARRAY LOGIC 
FAMILY 
NUMBER 
OF ARRAY INPUTS 
OUTPUT 
TYPE 
L : ACTIVE 
LOW 
H: ACTIVE 
HIGH 
R: REGISTERED 
C: 
COMPLEMENTARY 
X : EXCLUSIVE·OR 
REGISTERED 
A: 
ARITHMETIC 
REGISTERED 
NUMBER 
OF OUTPUTS 
TEMPERATURE 
RANGE 
C: 
OC TO +75C 
M : -55C 
TO +125C 


(CASE 
TEMPERATURE) 


....------ 
PACKAGE 
N : PLASTIC 
DIP 
J : CERAMIC 
DIP 
F: FLAT PACK 
I 


OPTIONAL 
HI·REL 
PROCESSING 
883B: 
MIL-STD-883, 


METHOD 
5004 & 5005 LEVEL B 
883C: 
MIL·STD-883, 


METHOD 
5004 & 5005 LEVEL C 
B: 
MIL-STD-883, 


METHOD 
5004 EQUIVALENT 


PAL 14 L4 CJ 8838 
C ~~~~~6D~~~~ 
EQUIVALENT 


Figure 
17 


PAL Logic Symbols 


The logic 
symbols 
for each 
of the individual 
PAL device~ 
gives" 
concise 
functional 
description 
of that 
PAL's 
logic 
function. 
This 
symbol 
makes 
a convenient 
reference 
when 
selecting 
the 
PAL 


that 
best 
fits 
a specific 
application. 
Figure 
18 shows 
the 
logic 


symbol 
for 
a PAL 10H8 
gate 
array. 


As an example 
of how the 
PAL enables 
the designer 
to reduce 


costs 
and simplify 
logic design, 
consider 
the design 
of a simple, 


high-volume 
consumer 
product: 
an electronic 
dice 
game. 
This 


type 
of product 
will be produced 
in ex1remely 
high volume, 
so it 


is essential 
that 
every 
possible 
production 
cost 
be minimized. 


The 
electronic 
dice 
game 
is simply 
constructed 
using 
a free 


running 
oscillator 
whose 
output 
is 
used 
to 
drive 
two 
asyn- 


chronous 
modulo 
six counters. 
When 
the 
user 
"rolls" 
the 
dice 
(presses 
a 
button), 
the 
current 
state 
of 
the 
counters 
is 
de- 


coded 
and latched 
into a display 
resembling 
the pattern 
seen 
on 


an ordinary 
pair of dice. 


A conventional 
logic 
diagram 
for 
the 
dice 
game 
is shown 
in 


Figure 
16. 
(A 
detailed 
logic 
derivation 
is shown 
in the 
PAL 


applications 
section 
of this 
handbook). 
It is implemented 
using 


standard 
TTL, 
SSI and MSI parts, with 
a total 
I.C. count 
of eight: 


six quad 
gate 
packages 
and 
two 
quad 
D-Iatches. 
Looks 
like a 


nice, 
clean 
logic 
design, 
right? 
Wrongll 


PAL Goes to the Casino 


A brief examination 
of Figure 
16 reveals two basic facts: first, the D 


circuit 
contains 
mostly 
simple, 
combinatorial 
logic, 
and second, 


it uses 
a clocked 
state 
transition 
sequence. 
Remembering 
that 
the PAL family 
contains 
ample 
provision 
for these 
features, 
the 


PAL 
catalog 
is consulted. 
The 
PAL 16R8 
has 
all the 
required 


functions, 
and 
the 
entire 
logic 
content 
of 
the 
circuit 
can 
be 


programmed 
into 
a single 
PAL 
shown 
in Figure 
19. 


In this example, 
the PAL effected 
an eight to one package 
count 


reduction 
and 
a significant 
cost 
savings. 
This 
is typical 
of the 


power 
and cost effective 
performance 
that the PAL family 
brings 


to logic 
design. 


2K 
1200 


1200 


2900 


1200 


1200 


1200 


2900 


1200 


Figure 
19 


1·13 


The PAL has a unique place in the world of logic design. Not 
only does it offer many advantages over conventional logic, it 
also provides many features not found anywhere else. The PAL 
family: 


• Programmable replacement for conventional TTL logic. 
• Reduces IC inventories substantially and simplifies their 


control. 


• Reduces chip count by at least 4 to 1. 
• Expedites and simplifies prototyping and board layout. 
• Savesspace with 2G-pinand 24-pin Skinny DIP packages. 
• High speed: 25ns typical propagation delay. 
• Programmed on standard PROM programmers. 
• Programmable three-state outputs. 
• Special 
feature 
eliminates 
possibility 
of copying 
by 


competitors. 


All of these features combine together to lower product de- 
velopment costs and increase product cost effectiveness. The 
bottom line is that PALs save money. 


In both new and existing 
designs the PAL can be used to 


replace various logic functions. 
This allows the designer to 


optimize a circuit in many ways never before possible. The PAL 
is particularly effective when used to provide interfaces required 
by many LSI functions. PAL flexibility combined with LSI func- 
tion density makes a powerful team. 


The PAL offers the systems logic designer a whole new world of 
options. Until now, the decision on logic system implementation 
was usually between SSI/MSI logic functions on one hand and 
microprocessors 
on the other. 
In many cases the function 


required is too awkward to implement the first way and too 
simple to justify the second. Now the PAL offers the designer 
high functional density, high speed, and low cost. Even better, 
PALs come in a variety of sizes and functions, thereby further 
increasing the designer's options. 


By allowing designers to replace many simple logic functions 
with single packages, the PAL allows more compact PC. board 
layouts. The PAL's space saving 20 pin "skinny dip" helps to 
further reduce board area while simplifying board layout and 
fabrication. This means that many multi-card systems can now 
be reduced to one or two cards, and that can make the differ- 
ence between a profitable success or an expensive disaster. 


The PAL family can be used to 
replace 
up to 90% 
of the 
conventional 
TTL family with 
just 25 parts. This considerably 
lowers both shelving and in- 
ventory 
cataloging 
require- 
ments. 
Even 
better, 
small 


custom 
modifications 
to the 
standard 
functions 
are easy 
for PAL users, not so easy for 
standard TTL users. 


The PAL family 
runs faster or equal to the best of bipolar 
logic 
circuits. 
This 
makes the PAL the ideal choice 
for most logical 
operations 
or 
control 
sequence 
which 
requires 
a 
medium 
complexity 
and 
high 
speed. 
Also, 
in 
many 
microcomputer 
systems, 
the 
PAL 
can 
be 
used 
to 
handle 
high 
speed 
data 
interfaces 
that 
are 
not feasible 
for the microprocessor 
alone. 
This can be used to significantly 
extend 
the capabilities 
of the 
low-eost, 
low-speed 
NMOS microprocessors 
into areas formerly 
requiring 
high-eost 
bipolar 
microprocessors. 


The 
members 
of the 
PAL 
family 
can 
be quickly 
and 
easily 
programmed 
using standard 
PROM 
programmers. 
This allows 
designers 
to use PALs with 
a minimum 
investment 
in special 


equipment. 
Many 
types 
of 
programmable 
logic, 
such 
as the 
FPLA, 
require 
an expensive, 
dedicated 
programmer. 


The 
PAL 
verification 
logic 
can 
be 
completely 
disabled 
by 


blowing 
out a special "last link." This prevents the unauthorized II 
copying 
of valuable 
data, and makes the PAL perfect for use in 
any application 
where da)i 
integrity 
must be carefully 
guarded. 


Summary 


The 
25 member 
PAL family 
of 
logic 
devices 
offers 
logic 
de- 
signers 
new 
options 
in the implementation 
of sequential 
and 
combinatorial 
logic 
designs. 
The 
family 
is 
fast, 
compact, 


flexible, 
and easy to use in both 
new and existing 
designs. 
It 


promises 
to 
reduce 
costs 
in 
most 
areas 
of 
design 
and 


production 
with a corresponding 
increase in product 
profitability. 
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high outputs). the first 15 PALs can replace random SSI gate 
sequencers. 
functions by at leasta 4 to 1 chip count reduction.With a variety 
of inpuVoutput pin ratios and Active High or Active Low 
outputs. this group. described as combinatorial. is designed to 
provide the Low Power Schottky (LS) fan-out and fan-in 
characteristics of 8 mA output sink (I0L) for totem-pole outputs 
and 0.25 mA input loading (IlL)' 


The rest of the PAL family provides the additional features of 
three-state outputs. programmable I/O pins. registered outputs 
with feedback. Exclusive OR operator. and arithmetic gated 
feedback. 
The three-state outputs drive the standard LS output sink of 
24 mA (IOL) providing bus-driving capabilities. 


The programmable I/O pins, allow individual product terms to 
directly control output data flow. The control logic can be used 
to either gate product terms out of the three-state buffer or to 
route data into the product term matrix. This bi-directional 
capability can be used to implement shift and rotate functions 
as well as programmable allocation of input and output pins. 


The registered outputs allow individual product sums to be 
clocked into the internal 0 flip-flops on the rising edge of the 
clock. The stored data can then be gated to the output buffer by 
enabling the three-state buffer. The true or complement of the 
data can also be fed back into the array. This facilitates the 
construction of state machines in a single chip. 


The arithmetic gated feedback allows for any of the 16 possible 
Boolean operations to be performed between the feedback and 
input pin. This provides arithmetic and logic operations. A 
provision for carry propagation required for fast arithmetic 
operations is also available. 


In all PALsunused inputs should be tied to either VCC or GND. 
The series resistor required for unused inputs on standard TTL 
is NOT required for PALs. thus using less parts. 


The first step in designing a PAL is selecting the pinout. The 
example shown below (Figure 1) shows a method for circling a 
section of conveniently drawn logic to define a boundary for a 
PAL function. This boundary will dictate a specific number of 
input pins and output pins. For this example. 8 inputs and 6 
outputs are required. well within the capability of the PAL10L8. 
Assignment of inputs and outputs to specific pins can now be 
done using the PAL Logic Symbol as shown below. 


WEOEl 


CEO 


CE1 


The next step is to write the Boolean 
logic equations 
(in sum of 


products 
form) 
which 
will transform 
the inputs 
into the desired 
outputs. 
These 
explicit 
logic 
equations 
specify 
the 
design 
precisely. 
They 
are easily 
simulated 
and edited. 


Since 
PALs 
have predominately 
active 
low outputs, 
it may be 
necessary 
to 
apply 
DeMorgan's 
Law 
to 
change 
the 
output 


polarity 
of 
an 
equation 
when 
implementing 
it 
in 
a 
PAL. 


DeMorgan's 
Law states that the inverse or complement 
of any 
Boolean 
expression 
can be found 
by successively 
applying 
the 
following 
theorems: 


Examples 
of equations 
written 
with active 
high and active 
low 


outputs 
are shown 
in the following 
table: 


ACTIVE HIGH OUTPUT 
ACTIVE LOW OUTPUT 
- 
0=11 
0=11 


O=i"1'12 
0=11 
+ 12 
o = 11 + i2 
0=11 
12 
- 
0=11 
- - 
0=11 
+ 12 . 13 
12 + 11 . 13 


0=11 
:+: 12 
0=11 
:.: 12 


Some 
designers 
may prefer to consult 
the PAL Logic 
Diagram 


before 
writing 
the 
equations. 
The 
basic 
method 
is simply 
to 
choose 
the appropriate 
logic diagram, 
label the corresponding 
pin 
names, 
and 
mark 
the 
fuse 
interconnections 
needed 
to 
implement 
the desired 
logic 
transform 
function. 


Fuses left intact are indicated 
on the logic diagram 
by an "X" at 
the intersection 
of the input line and the AND gate product 
line. 
A blown 
fuse 
is not 
marked. 
The 
PAL 
Logic 
Diagrams 
are 
provided 
with no fuses marked, allowing 
the designer 
to use the 
diagram 
as a coding 
form. Actually, 
the unprogrammed 
PAL is 
shipped 
with 
all Xs (all fuses) 
intact. 


The Boolean 
logic equations 
can then be read directly 
from the 
logic 
diagram. 


Design Verification 
and Documentation 


An 
optional 
FUNCTION 
TABLE 
and 
DESCRIPTION 
may be 
included. 
The 
FUNCTION 
TABLE 
serves the dual purpose 
of 


documenting 
and 
verifying 
the 
design 
(using 
the 
PALASM 


simulator). 
The device operation 
and application 
are described 


in the DESCRIPTION. 


Phantom 
fuse locations 
are those 
locations 
where a fuse does 


not exist. 
Unprogrammed 
PALs 
with 
phantom 
fuse 
locations 
appear 
to a PROM programmer 
as being partially 
programmed. 
Since the PROM 
programmer 
will expect 
to verify 
all possible 
fuse locations, 
the PAL programming 
format 
must provide 
the 


expected 
pattern 
to verify 
non-existent 
fuse 
nodes. 
PALASM 
and 
PAL 
programmers 
tweek 
the 
fuse 
plot 
for 
the 
phantom 
fuses 
automatically 
so 
these 
nodes 
will 
be treated 
properly 
when 
verified. 
The following 
PALs 
have phantom 
fuses: 


PAL10H8 
PAL12H6 
PAL 14H4 
PAL16H2 


PAL10L8 
PAL12L6 
PAL14L4 
PAL 16L2 
PAL 16C1 


PAL 12L 10 
PAL14L8 


PAL16L6 
PAL18L4 
PAL20L2 
PAL20C1 


PALASM 
is the 
key tool 
used 
in automating 
the 
process 
of 


"designing 
your own chip." 
PALASM 
is a FORTRAN 
IV program 
which 
assembles 
the PAL Design 
Specification 
translating 
the 


logic 
equation 
to a PAL fuse pattern. 
The fuse pattern 
may be 


generated 
in a format 
compatible 
with either a PAL or a PROM 


programmer. 


PALASM 
also contains 
a simulator 
which exercises the Function 


Table 
vectors 
in the logic 
equations. 
Inconsistencies 
between 


the 
vectors 
and 
the 
equations 
are 
reported 
as 
errors. 
The 


simulator 
also translates 
the Function 
Table vectors 
to a set of 


universal 
test vectors 
which 
may be used for functional 
testing 


after the device 
is fabricated. 


PALASM 
source 
code 
is available 
to 
users 
on the 
following 
pages. 
Other 
source 
code 
media 
is available 
upon 
request. 


PAL Concepts 


PAL Design Specification 


The 
PAL 
Design 
Specification 
is 
the 
input 
file 
used 
with 


PALASM. 
It 
is also 
the 
recommended 
data 
sheet 
format 
for 


describing 
the 
function 
of 
a 
PAL 
once 
it 
has 
acquired 
the 
unique 
personality 
of a particular 
fuse 
pattern. 
The 
format 
for 


the PAL Design 
Specification 
as shown 
on the opposite 
page is: 


Line 1 PAL part 
number 
left justified 
followed 
by PAL DESIGN 


SPECIFICATION 


Line 2 User's 
part 
number 
followed 
by originator's 
name 
and 


the 
date 


Li ne 5 Pin List. 


The 
pin list is a sequence 
of symbolic 
names 
separated 


by one or more 
spaces 
on one or more 
lines in order 
of 


the 
device 
pin numbers. 
Each 
symbolic 
name 
is unique 
(except 
for unused 
pins which 
may have the same name.) 
All 
pins 
including 
power 
and 
ground 
must 
be named. 


Names 
may 
use 
any 
printable 
character 
except 
the 
operator: 
"=:'+/()" 
The prefix 
"1", may be used to logically 


complement 
the 
name. 


Line m Equations. 


The 
transfer 
function 
of the 
device 
is expressed 
in the 
following 
three 
forms: 


1. SYMBOL 
= EXPRESSION 


2. 
IF (PRODUCT) 
SYMBOL 
= EXPRESSION 


3. SYMBOL: 
= EXPRESSION 


A sequence 
of 
SYMBOLS 
separated 
by the 
AND 
operator, 
"'''. 


Conditional 
equality, 
when 
the PRO- 
DUCT 
is 
logically 
true. 
Otherwise, 


high 
impedance 
(high-Z). 


A sequence 
of SYMBOLS 
separated 


by 
operators. 


OPERATORS 
(in 
hierarchy 
of evaluation) 


Comment 
follows 


Complement, 
prefix 
to 
a pin 
name. 


AND 
(product) 


+ 
OR 
(sum) 


:+: 
XOR 
(exclusive 
OR) 


XNOR 
(exclusive 
NOR) 


( ) 
Conditional 
three-state 
(IF STATE- 


MENT) 
or fixed 
symbol 


Equality 


Replaced 
by after 
the 
low 
to 
high 


transition 
of the 
clock. 


Line n Function 
Table. 
(optional) 


The function 
table begins 
with the keyword, 
"FUNCTION 


TABLE." 
It is followed 
by a pin 
list which 
may 
be in a 


different 
order 
and polarity 
from 
the pin list in Line5. 
VCC 


and 
GND 
cannot 
be listed. 
The 
pin list is followed 
by a 


dashed 
line; e.g., -------- 
(length 
optional), 
which 
in turn 


is followed 
by a list of vectors, 
one vector 
per line. One 


state must 
be specified 
for each pin name and optionally 


separated 
by spaces. 
A vector 
is a sequence 
of states 


listed 
in the same order 
as the pin list and followed 
by an 


optional 
comment. 
The vector 
list is followed 
by another 


dashed 
line. 


Definition 
of 
Function 
Table 
States: 


H 
HIGH 
LEVEL 


L 
LOW 
LEVEL 


X 
IRRELEVANT 


C 
TRANSITION 
FROM 
LOW 
TO 
HIGH 
LEVEL 


Z 
OFF 
(HIGH 
IMPEDANCE) 


Line 0 Description. 
(Optional 
if following 
Function 
Table). 


This 
section 
begins 
with 
the keyword, 
"DESCRIPTION." 


The device 
operation 
and application 
are described 
here. 


PAL Concepts 


PAL10LS 
P00123 
EXAMPLE 
MMI 
SUNNYVALE, 
CALIFORNIA 
ABC 
NC NC NC NC NC NC GND NC NC NC NC NC NC NC 


LLL L 
ALL LOWS 
LHL L 
TEST AND GATE 
LOW 
HLL L 
TEST AND GATE 
LOW 


HHL B 
TEST AND GATE 
XXH B 
TEST OR GATE 
HIGH 


PAL DESIGN 
SPECIFICATION 
1 


VINCENT 
COLI 07/08/81 
2 
3 
4 


/F NC VCC 
5 


1 000XXXXXXXXXXXXXXHX1 
2 010XXXXXXXXXXXXXXHX1 
3 100XXXXXXXXXXXXXXBX1 
4 110XXXXXXXXXXXXXXLX1 
5 XX1XXXXXXXXXXXXXXLX1 


11 1111 1111 2222 2222 2233 
0123 4567 8901 
2345 6789 0123 4567 8901 


8 X-X- 
9 
X- 
---- A*B 
---- C 


PAL DESIGN 
SPECIFICATION 


FUNCTION 
TABLE 
SIMULATION 


BRIEF 
FUSE PLOT 


Equations 


Function Table 
States 


COMMENT FOLLOWS 
/ 
COMPLEMENT, PREFIX TO A PIN NAME 
* 
AND 
(PRODUCT) 
+ 
OR 
(SUM) 
:+: XOR 
(EXCLUSIVE OR) 
:*: XNOR 
(EXCLUSIVE NOR) 
( ) CONDITIONAL THREE-STATE 
(IF STATEMENT) OR FIXED SYMBOL 


EQUALITY 
:= 
REPLACED BY AFTER THE LOW TO HIGH TRANSITION OF THE CLOCK 


Standard 
0'1 = 
11G + rjl2 
PALASM 
01 
= 
Il*/I2 
+ /Il*I2 


Operators 


(IN HIERARCt'ly 
OF EVALUATION) 


Test 
Conditions 


H = HIGH LEVEL 
C •••TRANSITION FROM LOW TO HIGH 


L • LOW LEVEL 
Z ••OFF 
(HIGH IMPEDANCE) 


X = IRRELEVANT 


H • TEST HIGH 
1 •••DRIVE HIGH 
C • DRIVE INPUT FROM LOW TO HIGH 
L •••TEST LOW 
0 
DRIVE LOW 
Z • TEST FOR HIGH IMPEDANCE 


X = IRRELEVANT 


LOGIC 
STATE 
----- 
H L 
L H 


'- 
PRODUCT 
WITH 
ALL 
FUSES 


INTACT 
REMAINS 
LOW ALWAYS 


SHORTHAND 
NOTATIONl 
FOR ALL 
FUSES INTACT 
., 


A ---ttt-ID- 


, 


PIN 7 ',:, 
NUMBER 


PAL Logic Diagram 
ACTIVE 
HIGH 
r-.-,-,-,-.-,-,-,-,-,-,-. ,-, 
IN_P_U_T_L 
••••• 
IN~•••N_U_M_B_E_R__________ 
r 
THREE-tSTATE 
ENABLE 


II 1] ,. 1~ 
I' 11 11It 
lQJl n n 
,. nUll 
11 19 lQ l' 
U II .It U 
_ 
CLOCK 


PRODUCT 
{' 
~: 
,J 
n 
NUMBER 
, 
-Ll.../ VI 


-------- 
STANDARD 
SUM OF PRODUCTS 


3... ~ 
\ 
IS EQUATED 
AT THESE 
NODES 
V'>" 
(BEFORE 
THE BUBBLE) 


- 
~"""J 
~~D-~ 
V 
~ 


'-CO 
OUTPUT 
NTROL 


PALASM Flow Chart 
(Main Program) 
C 
5_TA_A_T 
) 


+ 
READ 
PAL PART NO & TITLE 


OPTIONAL 
(MUST 
ENTER 
APPROPRIATE 
OPERATION 
COOE) 


( __ 
5T_OP 
_) 


PALASM 24 Source Code 


READ FUNCTION 
TABLE 
PIN LIST. 
STORE 
IN 
ISYM1. LPHAS1 
= FALSE 
IF INVERTED 


READ NEXT 
PIN NAME 
LBUF 
= FALSE 


IF INVERTED 


FUNCTION 
TABLE 
VECTOR 
ERROR 
EXPECT 
= H 
ACTUAL 
= L 


FUNCTION 
TABLE 
VECTOR 
ERROR 
EXPECT 
= L 
ACTUAL 
= H 


T 


CHANGE 
ORDER 
AND 
POLARITY 
OF FUNCTION 
TABLE 
VECTORS 
TO CONFORM 
WITH 
THE PIN LIST OF THE PART. 


IF GROUND 
PIN 
- VECTOR = X 


IF VCC PIN 
- VECTOR = 1 } 
IF IVECT = X 
- VECTOR 
= X 


IF IVECT = Z 
- 
VECTOR 
= Z 
PRINT 
IF IVECT = C 
- VECTOR = C 
T 
IF IVECT = L 
AND LOUT = FALSE 
- VECTOR = 0 
HESE 
IF IVECT = H 
AND LOUT = FALSE 
- 
VECTOR 
= 1 
IF IVECT = L 
AND LOUT = TRUE 
- VECTOR = L 
IF IVECT = H 
AND LOUT = TRUE 
- VECTOR = H 


wuP~~MMJ:i3q~1m.e,l~.oo~1· 
'lU 
STANDARD 


PROM PROGRAMMERS. 


PAL 
DESIGN 
SPECIFICATION 
ASSIGNED 
TO 
RPD (1). 
OPERATION 
CODES 
ARE 


ASSIGNED 
TO 
ROP(S). 


ECHO, 
SIMULATION, 
AND FUSE 
PATTERN 
ARE 
ASSIGNED 
TO 
POF(6). 
HEX 
AND 
BINARY 
PROGRAMMING 
FORMATS 
ARE 
ASSIGNED 
TO 
PDF(6). 
PROMPTS 
AND 
ERROR 
MESSAGES 
ARE 
ASSIGNED 
TO 
PMS(6) 
• 


PART 
NUMBER: 
THE 
PAL 
PART 
NUMBER MUST 
APPEAR 
IN 
COLUMN ONE 
OF 
LINE 
ONE 


FIXED 
SYMBOLS 
FOR 
PAL16X4 


20 
SYMBOLIC 
PIN 
NAMES 
MUST 
APPEAR 
STARTING 
ON LINE 
5 


STARTING 
FIRST 
LINE 
AFTER 
THE 
PIN 
LIST 
IN 
THE 
FOLLOWING 
FORMS: 


ALL 
CHARACTERS 
FOLLOWING 
':' 
ARE 
IGNORED 
UNTIL 
THE 
NEXT 
LINE 


COMMENT FOLLOWS 
COMPLEMENT 
AND, 
PRODUCT 
OR, 
SUM 
EXCLUSIVE 
OR 
EXCLUSIVE 
NOR 
CONDITIONAL 
THREE-STATE 
OR 
FIXED 
SYMBOL 
EQUALITY 
REPLACED 
BY 
(AFTER 
CLOCK) 


AND PAL16A4 
ONLY: 
(AN+/BN) 
(AN+BN) 
(AN) 
(/AN+/BN) 
(/BN) 
(AN:+:BN) 
(AN*/BN) 
(/AN+BN) 
(AN:*:BN) 
(BN) 
(AN*BN) 
(/AN) 
(/AN*/BN) 
(/AN*BN) 


WHERE N = 0,1,2,3 
FOR OUTPUT PINS 
17,16,15,14, 
RESP 
A IS OUTPUT 
B IS INPUT 


FUNCTION 
TABLE: 
L,H,X,Z,C ARE VALID FUNCTION 
TABLE VECTOR ENTRIES 


INITLZ,GETSYM,INCR,MATCH,FIXSYM, 
IXLATE,ECHO,PINOUT,PLOT,TWEEK,BINR, 
HEX,SLIP,FANTOM, IODC2,IODC4,TEST, 
FIXTST 


MONOLITHIC MEMORIES TAKES NO 
RESPONSIBILITY 
FOR THE OPERATION 
OR MAINTENANCE OF THIS PROGRAM. 
THE SOURCE CODE AS PRINTED HERE 
PRODUCED THE OBJECT CODE OF THE 
EXAMPLES 
IN THE APPLICATIONS 
SECTION ON A VAX/VMS COMPUTER 
AND A NATIONAL CSS IBM SYSTEM/370 
FORTRAN 
IV(G). 


C 
C 
C*********************************************************************** 
C 
C 
C 
MAIN PROGRAM 
C 
IMPLICIT INTEGER 
(A-Z) 
INTEGER IPAL(4),REST(73),PATNUM(80) ,TITLE(80) ,COMP(80), 
1 
ISYM(8,20),IBUF(8,20) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 
1 
LFIX,LFIRST,LMATCH,LFUSES(32,64),LPHASE(20) ,LBUF(20), 
2 
LPROD(80),LSAME,LACT,LOPERR,LINP,LPRD,LHEAD 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR 
COMMON IPGEI 
IPAGE(80,200) 
COMMON /LUNIT/ PMS,POF,PDF 
COMMON IFTESTI 
IFUNCT,IDESC,IEND 
DATA E/'E'I,OI'O'I,T/'T'I,P/'P'I,B/'B'/,H/'H'/,S/'S'/,L/'L'I, 


1 
N/'N'/,Q/'Q'/,U/'U'/,F/'F'/,C/'C'/,R/'R'/,A/'A'/ 
DATA BB/'B'/,CC/'C'/,DD/'D'/,EE/'E'/,FF/'F'/,II/'I'/,NN/'N'/, 
1 
OO/'O'/,PP/'P'/,RR/'R'/,SS/'S'/,TT/'T'/,UU/'U'/ 


C 
C 
C 
ASSIGNMENT 
OF DATA SET REFERENCES 
C 
RPD - PAL DESIGN 
SPECIFICATION 
(INPUT) 
C 
ROC - OPERATION 
CODE 
(INPUT) 
C 
POF - ECHO, PINOUT, 
TEST, AND PLOT 
(OUTPUT) 
C 
PDF - HEX AND BINARY 
FORMAT 
PROGRAM 
TAPES 
(OUTPUT) 
C 
PMS - PROMPTS 
AND ERROR MESSAGES 
(OUTPUT) 
RPD=l 
ROC=5 
POF=6 
PDF=6 
PMS=6 
IFUNCT=O 
IDESC=O 
C 
INITIALIZE 
LSAME AND LACT TO FALSE 
(ACTIVE HIGH/LOW 
ERROR) 
LSAME=. FALSE. 
LACT=. FALSE. 
C 
INITIALIZE 
LOPERR 
TO FALSE 
(OUTPUT PIN ERROR) 
LOPERR=. FALSE. 
C 
INITIALIZE 
LINP TO FALSE 
(INPUT PIN ERROR) 
LINP=. FALSE. 
C 
INITIALIZE 
LPRD TO FALSE 
(PRODUCT LINE ERROR) 
LPRD=.FALSE. 
C 
HEADER WILL BE PRINTED 
IF LHEAD 
IS TRUE 
C 
CHANGE 
THIS STATEMENT 
SO LHEAD 
IS FALSE 
IF NO HEADER 
IS DESIRED 
LHEAD=. FALSE. 
C 
READ 
IN FIRST 4 LINES OF THE PAL DESIGN 
SPECIFICATION 
READ (RPD,10) IPAL,INOAI,IOT,INOO,REST,PATNUM,TITLE,COMP 
10 FORMAT(4Al,Al,Al,Al,73Al,/,80Al,/,80Al,/,80Al) 
C 
READ 
IN PIN LIST 
(LINE 5) THROUGH 
THE END OF THE PAL DESIGN 
C 
SPECIFICATION 
DO 15 J=1,200 
READ(RPD,11,END=16) 
(IPAGE(I,J),I=1,80) 
11 
FORMAT (80Al) 
C 
CHECK 
FOR 
'FUNCTION TABLE' AND SAVE 
ITS LINE NUMBER 
IF( 
IFUNCT.EQ.O 
.AND.IPAGE(l,J).EQ.FF.AND. 
1 
IPAGE(2,J).EQ.UU.AND.IPAGE(3,J).EQ.NN.AND. 
2 
IPAGE(4,J).EQ.CC.AND.IPAGE(5,J).EQ.TT.AND. 
3 
IPAGE(6,J).EQ.II.AND.IPAGE(7,J).EQ.OO.AND. 
4 
IPAGE(8,J).EQ.NN.AND.IPAGE(10,J).EQ.TT.AND. 
5 
IPAGE(12,J).EQ.BB.AND.IPAGE(14,J).EQ.EE) 
IFUNCT=J 
C 
CHECK 
FOR 
'DESCRIPTION' AND SAVE 
ITS LINE NUMBER 
IF( 
IDESC.EQ.O 
.AND.IPAGE(l,J).EQ.DD.AND. 
1 
IPAGE(2,J).EQ.EE.AND.IPAGE(3,J).EQ.SS.AND. 
2 
IPAGE(4,J).EQ.CC.AND.IPAGE(5,J).EQ.RR.AND. 
3 
IPAGE(6,J).EQ.II.AND.IPAGE(7,J).EQ.PP.AND. 
4 
IPAGE(8,J).EQ.TT.AND.IPAGE(9,J).EQ.II.AND. 
5 
IPAGE(10,J).EQ.OO.AND.IPAGE(11,J).EQ.NN) 
IDESC=J 
15 CONTINUE 
C 
SAVE THE LAST LINE NUMBER 
OF THE PAL DESIGN 
SPECIFICATION 
16 
IEND=J-1 


CALL 
INITLZ(INOAI,IOT,INOO,ITYPE,LFUSES,IC,IL,IBLOW,LFIX) 
lLE=IL+l 
C 
PRINT ERROR MESSAGE FOR INVALID PAL PART TYPE 
IF(ITYPE.NE.O) 
GO TO 17 
WRITE (PMS,18) IPAL,INOAI,IOT,INOO 
18 
FORMAT(/,' 
PAL PART TYPE' 
,4Al,Al,Al,Al,' 
IS INCORRECT') 
STOP 
C 
GET 20 PIN NAMES 
17 DO 20 J=1,20 
20 
CALL GETSYM(LPHASE,ISYM,J,IC,IL,LFIX) 
IF(.NOT.(LEQUAL.OR.LLEFT.OR.LAND.OR.LOR.OR.LRIGHT» 
GO TO 24 


WRlTE(PMS,23) 
23 
FORMAT(/, I LESS THAN 20 PIN NAMES 
IN PIN LIST') 
STOP 
24 lLE=IL 
25 CALL GETSYM(LBUF,IBUF,l,IC,IL,LFIX) 
28 
IF(.NOT.LEQUAL) 
GO TO 25 
COUNT=O 
ILL=IL 
CALL MATCH (IMATCH,IBUF,ISYM) 
IF( lMATCH.EQ.O 
) GO TO 100 
IPRD=IMATCH 
C 
CHECK FOR VALID POLARITY 
LSAME = 
« 
LPHASE(IMATCH» 
.AND. ( 
LBUF(l» 
.OR. 
1 
(.NOT.LPHASE(IMATCH» 
•AND. (.NOT.LBUF(l» 
) 
IF( lOT.EQ.H.AND. (.NOT.LSAME) ) 
LACT=.TRUE. 


IF( (.NOT. (IOT.EQ.H.OR.IOT.EQ.C».AND. 
(LSAME) ) LACT=.TRUE. 


C 
CHECK FOR VALID OUTPUT PIN 
IF( (ITYPE.EQ.1.0R.ITYPE.EQ.5.0R.ITYPE.EQ.6).AND.IOT.NE.A. 


1 
AND. (IMATCH.LT.12.0R.lMATCH.GT.19) 
) LOPERR=.TRUE. 
IF( 
ITYPE.EQ.2.AND.(IMATCH.LT.13.0R.lMATCH.GT.18) 
1 
LOPERR=.TRUE. 
IF( 
ITYPE.EQ.3.AND.(IMATCH.LT.14.0R.lMATCH.GT.17) 
1 
LOPERR=.TRUE. 
IF( 
ITYPE.EQ.4.AND. (IMATCH.LT.15.0R.lMATCH.GT.16) 
1 
LOPERR=.TRUE. 
IF( (LACT).OR.(LOPERR) 
) GO TO 100 
188PRO=(19-IMATCH)*8 
+ 1 
START PALl6C1 ON PRODUCT LINE 25 
IF(IOT.EQ.C) 
188PRO=25 
IC=O 
CALL INCR(IC,IL,LFIX) 
IF( •NOT. (LEQUAL.OR.LLEFT) 
) GO TO 30 
LPROD(I88PRO)=.TRUE. 
IF(.NOT.LLEFT) 
CALL SLIP(LFUSES,I88PRO,INOAI,IOT,INOO,IBLOW) 
DO 70 18PRO=1,16 
COUNT = COUNT + 1 
IPROD = 188PRO + 18PRO - 1 
LPROD(IPROD)=.TRUE. 
LFIRST=. TRUE. 
ILL=IL 
CALL GETSYM(LBUF,IBUF,l,IC,IL,LFIX) 
IF( (ITYPE.EQ.1.0R.ITYPE.EQ.2.AND.IPRD.GT.13 
.AND.IPRD.LT.18).AND.COUNT.GT.2 
) LPRD=.TRUE. 
IF( (ITYPE.EQ.3.0R.ITYPE.EQ.2.AND. (IPRD.EQ.13.0R. 


1 
IPRD.EQ.18».AND.COUNT.GT.4 
) LPRD=.TRUE. 
IF( IOT.NE.A.AND.IOT.NE.C.AND.COUNT.GT.8 
) LPRD=.TRUE. 
IF( .NOT.LPRD 
) GO TO 69 
IF(IL.NE.IFUNCT.AND.IL.NE.IDESC) 
ILL=IL 
IPROD = IPROD - 1 
GO TO 118 
69 
IF (LFIX) GO TO 59 
CALL MATCH(IMATCH,IBUF,ISYM) 
IF( ITYPE.EQ.1.AND.lMATCH.GT.11 
) LINP=.TRUE. 
IF( ITYPE.EQ.2.AND.(IMATCH.GT.12.AND.lMATCH.LT.19) 
1 
LINP=.TRUE. 
IF( ITYPE.EQ.3.AND.(IMATCH.GT.13.AND.lMATCH.LT.18) 
1 
LINP=.TRUE. 
ILL=IL 
IF(LINP) GO TO 100 
IF( lMATCH.EQ.O 
) GO TO 100 
IF( lMATCH.EQ.10.0R.lMATCH.EQ.99 
) GO TO 64 
IF (.NOT. LFIRST) 
GO TO 58 
LFIRST=.FALSE. 
DO 56 1=1,32 
IBLOW = IBLOW + 1 
56 
LFUSES(I,IPROD)=.TRUE. 
58 
CALL 
IXLATE(IINPUT,IMATCH,LPHASE,LBUF,ITYPE) 
IF(IINPUT.LE.O) 
GO TO 60 
IBLOW = IBLOW - 1 
LFUSES(IINPUT,IPROD)=.FALSE. 
CALL PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,.FALSE.,ITYPE, 
1 
LPROD, lOP,IBLOW) 
GO TO 60 
59 
CALL FIXSYM(LBUF,IBUF,IC,IL,LFIRST,LFUSES,IBLOW, 
1 
IPROD,LFIX) 
60 
IF (LAND) GO TO 50 
64 
IF(.NOT.LRIGHT) 
GO TO 68 
66 
CALL 
INCR(IC,IL,LFIX) 
IF (.NOT. LEQUAL) 
GO TO 66 
68 
IF( .NOT.(LOR.OR.LEQUAL) 
) GO TO 74 
70 
CONTINUE 
74 
ILL=IL 
CALL GETSYM(LBUF,IBUF,l,IC,IL,LFIX) 
IF(LLEFT.OR.LEQUAL) 
GO TO 28 
100 
IF( ILL.EQ.IFUNCT.OR.ILL.EQ.IDESC 
) GO TO 102 
C 
PRINT AN ERROR MESSAGE 
IF UNRECOGNIZABLE 
SYMBOL 
ILERR=ILL+4 
WRITE (PMS,101) 
(IBUF(I,1),I=1,8),ILERR,(IPAGE(I,ILL) 
,1=1,80) 
101 FORMAT (/,' ERROR SYMBOL 
= 
.,8Al, , 
IN LINE NUMBER 
.,13, 
1 
/,' 
•,80Al) 
C 
PRINT AN ERROR MESSAGE 
FOR ACTIVE 
HIGH/LOW 
PART 
IF( 
(LACT).AND.( 
LSAME).AND.(.NOT.LOPERR» 
1 
WRITE (PMS,103) IPAL,INOAI,IOT,INOO 
103 FORMAT (, OUTPUT 
MUST BE 
INVERTED 
SINCE 
•,4Al,Al,Al,Al, 
1 
• IS AN ACTIVE 
LOW DEVICE I ) 
IF( 
(LACT).AND. (.NOT.LSAME).AND. (.NOT.LOPERR) 
) 
1 
WRITE (PMS,109) 
IPAL,INOAI,IOT,INOO 
109 FORMAT(' 
OUTPUT 
CANNOT 
BE INVERTED 
SINCE' 
,4Al,Al,Al,Al, 
1 
I 
IS AN ACTIVE 
HIGH DEVICE') 


C 
PRINT 
AN ERROR MESSAGE FOR AN INVALID 
OUTPUT 
PIN 
IF( 
(LOPERR).AND.lMATCH.NE.O 
) 
1 
WRITE (PMS,105) 
lMATCH,IPAL,INOAI,IOT,INOO 
105 
FORMAT(' 
THIS 
PIN 
NUMBER ',12,' 
IS 
AN INVALID 
OUTPUT 
PIN', 
1 
' 
FOR 
',4Al,Al,Al,Al) 
C 
PRINT 
AN ERROR MESSAGE FOR AN INVALID 
INPUT 
PIN 
IF(LINP) 
WRITE (PMS,115) 
lMATCH,IPAL,INOAI,IOT,INOO 
115 
FORMAT( , 
THIS 
PIN 
NUMBER ',12,' 
IS 
AN INVALID 
INPUT 
PIN', 
1 
' 
FOR 
',4Al,Al,Al,Al) 
C 
PRINT 
AN ERROR MESSAGE FOR 
INVALID 
PRODUCT LINE 
118 
lLERR=ILL+4 
IF (LPRD) 
WRlTE(PMS,119) 
1 
(ISYM(I,IPRD),I=1,8),IPRD,ILERR,(IPAGE(I,ILL) 
,1=1,80) 
119 
FORMAT(/,' 
OUTPUT 
PIN 
NAME = 
',8Al,' 
OUTPUT 
PIN 
NUMBER 
',12, 
1 
/,' 
MINTERM IN 
LINE 
NUMBER ',13,/,' 
',80Al) 
IF( 
LPRD.AND.COUNT.LT.8 
) 
1 
WRITE (PMS,116) 
IPROD,IPAL,INOAI,IOT,INOO 
116 
FORMAT( , 
THIS 
PRODUCT LINE 
NUMBER', 
12,' 
IS 
NOT VALID', 
1 
' 
FOR 
',4Al,Al,Al,Al) 
IF( 
LPRD.AND.COUNT.GT.8 
) 
1 
WRITE (PMS,117) 
IPAL,INOAI,IOT,INOO 
11 7 
FORMAT(' 
MAXIUM OF 8 
PRODUCT LINES 
ARE VALID 
FOR 
" 4Al , Al , Al, Al , 
1 
/,' 
TOO MANY MINTERMS ARE SPECIFIED 
IN 
THIS 
EQUATION') 
STOP 
102 
IF (ITYPE. 
LE. 4) 
CALL '!'WEEK(ITYPE, 
lOT, 
LFUSES) 
C 
PRINT 
OPTIONAL 
HEADER 
IF (LHEAD) 
WRlTE(6,104) 
104 
FORMAT(/,' 
THIS 
PALASM AIDS 
THE USER 
IN 
THE DESIGN 
AND' 
1 
' 
PROGRAMMING OF THE', 
/,' 
SERIES 
20 
PAL 
FAMILY. 
THE' , 
2 
' 
FOLLOWING OPTIONS 
ARE PROVIDED:', 
3 
/ /, 
, 
ECHO 
(E) 
- 
PRINTS 
THE PAL 
DES IGN' 
, 
4 
' 
SPECIFICATION', 
5 
/ /, 
, 
PIN 
OUT (0) 
- 
PRINTS 
THE PIN 
OUT OF 
THE PAL', 
6 
/ /, 
, 
SIMULATE 
(T) 
- 
EXERCISES 
THE FUNCTION 
TABLE', 
7 
' 
VECTORS 
IN 
THE LOGIC', 
/, 
, 
EQUATIONS' 
, 
8 
' 
AND GENERATES 
TEST 
VECTORS', 
9 
/ / , , 
PLOT 
(P) 
- 
PRINTS 
THE ENTIRE 
FUSE 
PLOT' 
A 
//,' 
BRIEF 
(B) 
- 
PRINTS 
ONLY THE USED 
PRODUCT LINES', 
B 
' 
OF THE FUSE 
PLOT', 
/, 
, 
PHANTOM FUSES', 
C 
' 
ARE OMITTED', 
D 
/ /, 
, 
HEX 
(H) 
- 
GENl':RATES HEX OUTPUT 
FOR PAPER 
TAPE', 
E 
/ / , , 
SHORT 
(S) 
- 
GENERATES 
HEX OUTPUT FOR PAPER 
TAPE', 
F 
/ / , , 
BHLF 
(L) 
- 
GENERATES 
BHLF 
OUTPUT FOR PAPER 
TAPE', 
G 
/ / , , 
BNPF 
(N) 
- 
GENERATES 
BNPF 
OUTPUT FOR PAPER 
TAPE', 
H 
/ /, 
, 
QUIT 
(Q) 
- 
EXIT 
PALASM') 
108 
WRlTE(PMS,106) 
106 
FORMAT(/,' 
OPERATION 
CODES:') 
WRlTE(PMS,107) 
107 
FORMAT(/,' 
E=ECHO 
INPUT 
O=PIN 
OUT 
T=SIMULATE 
P=PLOT 
B=BRIEF', 
1 
/,' 
H=HEX 
S=SHORT 
L=BHLF 
N=BNPF 
Q=QUIT') 
WRITE (PMS, 110) 
110 
FORMAT(/,' 
ENTER OPERATION 
CODE: ') 
READ(ROC,120) 
lOP 
120 
FORMAT(Al) 
C 
CALL 
IODC2 


IF(lOP.EQ.E) 
1 
IF(lOP.EQ.0) 
IF(lOP.EQ.T) 
1 
IF(IOP.EQ.P) 
1 
IF(lOP.EQ.B) 
1 
IF(lOP.EQ.H) 
IF(lOP.EQ.S) 
IF(lOP.EQ.L) 
IF(lOP.EQ.N) 
CALL IODC4 
IF(lOP.NE.Q ) 
STOP 
END 


CALL ECHO(IPAL,INOAI,IOT,INOO,REST,PATNUM,TITLE, 
COMP) 
CALL PINOUT (IPAL,INOAI,lOT,INOO,TITLE) 
CALL TEST(LPHASE,LBUF,TITLE,IC,IL,ILE,ISYM,IBUF, 
ITYPE,INOO,LFIX) 
CALL PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,.TRUE.,ITYPE, 
LPROD,IOP,IB~ 
CALL PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,.TRUE.,ITYPE, 
LPROD,IOP,IBLOW) 
CALL HEX(LFUSES,H) 
CALL HEX(LFUSES,S) 
CALL BINR(LFUSES,H,L) 
CALL BINR(LFUSES,P,N) 


C 
C*********************************************************************** 


C 
SUBROUTINE INITLZ(INOAI,IOT,INOO,ITYPE,LFUSES,IC,IL,LFIX) 
C 
THIS SUBROUTINE 
INITIALIZES VARIABLES AND MATCHES PAL PART 
C 
NUMBER WITH ITYPE 
IMPLICIT INTEGER 
(A-Z) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 
1 
LFIX,LFUSES(32,64) 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR 
COMMON /pGE/ IPAGE(80,200) 
DATA H/'H'/,L/'L'/,C/'C'/,R/'R'/,X/'X'/,A/'A'/ 
1 
10/'0'/,12/'2'/,14/'4'/,16/'6'/,18/'8'/ 
INITIALIZE LFUSES ARRAY 
(FUSE ARRAY) 
DO 20 J=1,64 
DO 20 1=1,32 
LFUSES(I,J)=.FALSE. 
INITIALIZE IBLOW 
(NUMBER OF FUSES BLOWN) 
IBLOW=O 
INITIALIZE IC AND IL (COLUMN AND LINE POINTERS) 
IC=O 
IL=1 
INITIALIZE ITYPE (PAL PART TYPE) 
ITYPE=O 
ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES: 
PAL10HS,PAL10LS 
ITYPE=1 
PAL12H6,PAL12L6 
ITYPE=2 
PAL14H4,PAL14L4 
ITYPE=3 
PAL16H2,PAL16L2,PAL16C1 
ITYPE=4 
PAL16LS 
ITYPE=5 
PAL16R4,PAL16R6,PAL16R8,PAL16X4,PAL16A4 
ITYPE=6 
DETERMINE 
ITYPE 
IF( 
INOAI.EQ.IO 
ITYPE=1 
IF( 
INOAI.EQ.I2 
ITYPE=2 
IF( 
INOAI.EQ.I4) 
ITYPE=3 
IF( (INOAI.EQ.16) ) 
ITYPE=4 
IF( (INOAI.EQ.I6).AND. (INOO.EQ.I8) ) 
ITYPE=5 
IF( (IOT.EQ.R).OR. (IOT.EQ.X).OR.(IOT.EQ.A) 
ITYPE=6 


C 


20 
C. 


C 


C 


C 
C 
C 
C 
C 
C 
C 
C 


IF( .NOT.(IOT.EQ.H.OR.IOT.EQ.L.OR.IOT.EQ.C 
1 
.OR.IOT.EQ.R.OR. IOT.EQ.X.OR. IOT.EQ.A) 
) ITYPE=O 
CALL 
INCR(IC, IL,LFIX) 
RETURN 
END 
C 
C*********************************************************************** 


C 
SUBROUTINE 
GETSYM(LPHASE,ISYM,J,IC,IL,LFIX) 
C 
THIS SUBROUTINE 
GETS THE PIN NAME, / IF COMPLEMENT 
LOGIC, AND 
C 
THE FOLLOWING 
OPERATION 
SYMBOL 
IF ANY 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER ISYM(8,20) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 
1 
LFIX,LPHASE(20) 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR 
COMMON /PGE/ 
IPAGE(80,200) 
DATA 
IBLANK/' 
'/ 
LFIX=.FALSE. 
IF( •NOT. (LLEFT.OR. LAND.OR.LOR.OR.LEQUAL.OR. LRIGHT) 
) GO TO 10 
CALL 
INCR(IC,IL,LFIX) 
IF (LLEFT) GO TO 60 
10 LPHASE(J)=( 
.NOT.LSLASH 
) 
IF(LPHASE(J» 
GO TO 15 
CALL 
INCR(IC,IL,LFIX) 
15 00 20 I=1~8 
20 
ISYM(I,J)=IBLANK 
25 00 30 I=1,7 
30 
ISYM{I,J)=ISYM(I+1,J) 
ISYM{8,J)=IPAGE(IC,IL) 
CALL 
INCR{IC,IL,LFIX) 
IF ( LLEFT.OR.LBLANK. OR.LAND.OR.LOR.OR.LRIGHT. OR.LEQUAL 
) RETURN 
GO TO 25 
60 LFIX=. TRUE. 
RETURN 
END 
C 
C********************************************************************** 
C 
SUBROUTINE 
INCR(IC,IL,LFIX) 
C 
THIS SUBROUTINE 
INCREMENTS COLUMN AND LINE POINTERS 
C 
BLANKS AND CHARACTERS 
AFTER 
';1 ARE IGNORED 
IMPLICIT 
INTEGER 
(A-Z) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 
1 
LFIX,LXl 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR 
COMMON /PGE/ 
IPAGE(80,200) 
COMMON /LUNIT/ 
PMS,POF,PDF 
DATA IBLANK/' 
'/,ILEFT/'('/,IAND/'*'/,IOR/'+'/,COMENT/';'/, 
1 
ISLASH/'/'/,IEQUAL/'='/,IRIGHT/') 
'/,ICOLON/':'/ 
LBLANK=. FALSE. 
LXOR=.FALSE~ 
LXNOR=.FALSE. 
LX1=.FALSE. 
LRIGHT=.FALSE. 


~£\ 
~~.~./~.~U.~~Au~\i~,iLI.~~.~U~~~ 
I UU 
TO 
jU 
IL=IL+l 
IF(IL.LE.200) 
GO TO 20 
WRITE (PMS,15) 
15 
FORMAT(,,' 
SOURCE FILE SIZE EXCEEDS 200 LINES') 
STOP 


20 
IC=O 
GO TO 10 
30 IF( IPAGE(IC,IL).EQ.ICOLON.AND.(LFIX) 
) RETURN 
IF( IPAGE(IC, IL).NE.IBLANK ) GO TO 31 
LBLANK=. TRUE. 
GO TO 10 


31 IF( IPAGE(IC,IL).NE.lCOLON 
) GO TO 32 
IF ( (LXOR).OR. (LXNOR) ) 
GO TO 33 
LXl=.TRUE. 
GO TO 10 


33 IF (LXOR) 
LOR=.TRUE. 
IF (LXNOR) LAND:.TRUE. 
RETURN 


32 IF( •NOT. (LXl.AND. (IPAGE(IC,IL).EQ.IOR.OR.IPAGE(IC,IL).EQ.IAND» 
1 
GO TO 34 
IF( IPAGE(IC,IL).EQ.IOR 
LXOR=.TRUE. 
IF( IPAGE(IC,IL).EQ.IAND 
LXNOR=.TRUE. 
GO TO 10 


34 LLEFT =( IPAGE(IC,IL).EQ.ILEFT 


LAND 
=( IPAGE(IC,IL).EQ.IAND 


LOR 
=( IPAGE(IC,IL).EQ. 
lOR 
) 
LSLASH=( 
IPAGE(IC,IL).EQ.ISLASH 
) 


LEQUAL=( 
IPAGE(IC,IL).EQ.IEQUAL 
) 


LRIGHT=( 
IPAGE(IC,IL).EQ.IRIGHT 
) 
RETURN 
END 


C 
C*********************************************************************** 


C 


SUBROUTINE MATCH(IMATCH,IBUF,ISYM) 


C 
THIS SUBROUTINE 
FINDS A MATCH BETWEEN THE PIN NAME IN THE EQUATION 
C 
AND THE PIN NAME IN THE PIN LIST OR FUNCTION TABLE PIN LIST 


IMPLICIT INTEGER 
(A-Z) 


INTEGER IBUF(8,20),ISYM(8,20) 
LOGICAL LMATCH 
DATA C/'C'/,A/'A'/,R/'R'/,Y/'Y'/ 
lMATCH=O 
00 20 J=I,20 
!.MATCH=.TRUE. 
00 10 I=I,8 


10 
LMATCH=LMATCH.AND.(IBUF(I,I).EQ.ISYM(I,J» 


IF(LMATCH) lMATCH=J 


20 
CONTINUE 


C 
MATCH CARRY walCH 
IS FOUND IN THE PALl6A4 


IF( IBUF(3,1).EQ.C.AND.IBUF(4,1).EQ.A.AND.IBUF(5,1).EQ.R.AND. 


1 
IBUF(6,1).EQ.R.AND.IBUF(7,1).EQ.Y) 
lMATCH=99 


RETURN 
END 


C 
C*********************************************************************** 
C 
SUBROUTINE IXLATE(IINPUT,IMATCH,LPHASE,LBUF,ITYPE) 
C 
THIS SUBROUTINE FINDS A MATCH BETWEEN THE INPUT PIN NUMBER AND 
C 
THE INPUT LINE NUMBER FOR A SPECIFIC PAL. 
ADD 1 TO THE INPUT 
C 
LINE NUMBER IF THE PIN IS A COMPLEMENT 
IMPLICIT INTEGER (A-Z) 
INTEGER ITABLE(20,6) 
LOGICAL LPHASE(20),LBUF(20) 
DATA 
ITABLE/ 
1 
3, 1, 5, 9,13,17,21,25,29,-10,31,-1,-1,-1,-1,-1,-1,-1,-1,-20, 
2 
3, 1, 5, 9,13,17,21,25,29,-10,31,27,-1,-1,-1,-1,-1,-1, 
7,-20, 
3 
3, 1, 5, 9,13,17,21,25,29,-10,31,27,23,-1,-1,-1,-1,11, 
7,-20, 
4 
3, 1, 5, 9,13,17,21,25,29,-10,31,27,23,19,-1,-1,15,11, 
7,-20, 
5 
3, 1, 5, 9,13,17,21,25,29,-10,31,-1,27,23,19,15,11, 
7,-1,-20, 
6 
-1, 1, 5, 9,13,17,21,25,29,-10,-1,31,27,23,19,15,11, 
7, 3,-20/ 
IINPUT=O 
IBUBL=O 
IF«( 
LPHASE(IMATCH».AND.(.NOT.LBUF(l»).OR. 
1 
«.NOT.LPBASE(IMATCH».AND.( 
LBUF(l»» 
IBUBL=l 
IF( I~BLE(IMATCH,ITYPE).GT.O 
) IINPUT=ITABLE(IMATCH,ITYPE)+IBUBL 
RETURN 
END 
C 
C*********************************************************************** 


C 
SUBROUTINE FIXSYM(LBUF,IBUF,IC,IL,LFIRST,LFUSES,IBLOW,IPROD,LFIX) 
C 
THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE 
C 
PAL16X4 AND PAL16A4 
IMPLICIT INTEGER (A-Z) 
LOGICAL LBUF(20),LFUSES(32,64),LFIRST,LMATCH,LFIX 
INTEGER IBUF(8,20),FIXBUF(8),TABLE(5,14) 
COMMON /PGE/ IPAGE(80,200) 
DATA A/'A'/,B/'B'/,ISLASH/'/'/,IOR/'+'/,IBLANK/' 
'/,IRIGHT/')'/, 
1 
IAND/'*'/,N/'N'/,Q/'Q'/,NO/'O'/,N1/'l'/,N2/'2'/,N3/'3'/, 
2 
ICOLON/':'/, 
3 
TABLE 
/ 
' 
I, 
IA ','+',,/','B'" 
',' ','A ',I+ ','B', 
4 
",' 
',' 
',' 
','A','/','A','+','/','B',' 
',' 
',' 
','/','B', 
5 
'A',':','+',':','B',' 
','A','·','/','B',' 
','/','A','+','B', 
6 
'A',':','*',':','B',' 
I,' 
',' 
',' 
','B',' 
',' 
','A','.·,'B', 
7 
1 
.,. 
',' 
','/','A','/','A','*','j','B',' 
','/',IA','.',IB'f 
IINPUT=O 
DO 20 1=1,8 
IBUF(I,l)=IBLANK 
20 
FIXBUF(I)=IBLANK 
21 CALL INCR(IC,IL,LFIX) 
I=IPAGE (IC,IL) 
IF(I.EQ.IRIGHT) GO TO 40 
IF(I.EQ.NO) IINPUT=8 
IF(I.EQ.N1) IINPUT=12 
IF(I.EQ.N2) IINPUT=16 
IF(I.EQ.N3) IINPUT=20 
DO 24 J=1,7 
24 
IBUF(J,1)=IBUF(J+1,1) 


IBUF(8,1)=I 
IF(•NOT. 
( (1.EQ.A)•OR. (1.EQ.B)•OR. (1.EQ.ISLASH)•OR. (1.EQ.lOR) 
1 
.OR.(I.EQ.IAND).OR.(I.EQ.ICOLON) 
» 
GO TO 21 
00 30 I=1,4 
30 
FIXBUF(I)=FIXBUF(I+1) 
FIXBUF(5)=IPAGE(IC,IL) 
GO TO 21 
40 lMATCH=O 
00 60 J=1,14 
LMATCH=.TRUE. 
00 50 I=1,5 
50 
LMATCH=LMATCH 
.AND. ( FIXBUF(I) .EQ.TABLE(I,J) ) 
60 
IF(LMATCH) lMATCH=J 
IF(IMATCH.EQ.O) GO TO 100 
IF(.NOT.LFIRST) GO TO 85 
LFIRST=.FALSE. 
00 80 I=1,32 
LFUSES(I, IPROD)=.TRUE. 
80 
IBLOW = IBLOW + 1 
85 00 90 I=1,4 
IF( (IMATCH-7).LE.0 ) GO TO 90 
LFUSES(IINPUT+I,IPROD)=.FALSE. 
IBLOW = IBLOW - 1 
lMATCH=IMATCH-8 
90 lMATCH"IMATCH+lMATCH 
LBUF(l)=.TRUE. 
CALL PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,.FALSE.,ITYPE, 
1 
LPROD,IOP,IBLOW) 
100 LFIX=.FALSE. 
CALL INCR(IC,IL,LFIX) 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE ECHO(IPAL,INOAI,IOT,INOO,REST,PATNUM,TITLE,COMP) 
C 
THIS SUBROUTINE PRINTS THE PAL DESIGN SPECIFICATION 
INPUT FILE 
IMPLICIT INTEGER (A-Z) 
INTEGER IPAL(4),REST(73),PATNUM(80),TITLE(80) ,COMP(80) 
COMMON /PGE/ IPAGE(80,200) 
COMMON /LUNIT/ PMS,POF,PDF 
COMMON /FTEST/ IFUNCT,IDESC,IEND 
WRlTE(POF,10) 
IPAL,INOAI,IOT,INOO,REST,PATNUM,TITLE,COMP 
10 FORMAT(/,' 
',4Al,Al,Al,Al,73Al,/,' 
',80Al,/,' ',80Al,/,' ',80Al) 
00 30 J=l,lEND 
WRlTE(POF,20) 
(IPAGE(I,J),I=1,80) 
20 
FORMAT (, ',80Al) 
30 CONTINUE 
RETURN 
END 
C 
C*********************************************************************** 


SUBROUTINE PINOUT(IPAL,INOAI,IOT,INOO,TITLE) 
C 
THIS SUBROUTINE PRINTS THE PIN OUT OF THE PAL 


IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
IPAL(4),TITLE(80),PIN(8,20),IIN(7,2) 
COMMON 
/PGEI 
IPAGE(80,200) 
COMMON ILUNITI 
PMS,POF,PDF 
DATA IBLANK/' 
'I,ISTAR/'*'I 
00 10 J=1,20 
00 5 I=1,7 
5 
PIN(I,J)=IBLANK 
10 CONTINUE 
15 00 25 J=1,2 
00 20 I=1,7 
20 
IIN(I,J)=IBLANK 
25 CONTINUE 
IIN(2,1)=IPAL(1) 
IIN(4,1)=IPAL(2) 
IIN(6,1)=IPAL(3) 
IIN(1,2)=IPAL(4) 
IIN(3,2) =INOAI 
IIN(5,2) =IOT 
IIN(7,2)=INOO 
J=O 
IL=O 
30 IC=O 
IL=IL+1 
35 IC=IC+1 
40 IF( IC.GT.80 
) GO TO 30 
IF( IPAGE(IC,IL).EQ.IBLANK 
) GO TO 35 
J=J+1 
IF(J.GT.20) 
GO TO 60 
00 55 I=1,8 
PIN(I,J)=IPAGE(IC,IL) 
IC=IC+1 
IF( IC.GT.80 
) GO TO 40 
IF( IPAGE(IC,IL).EQ.IBLANK 
) GO TO 40 
55 CONTINUE 
60 00 75 J=1,10 
II=O 
65 
II=II+1 
IF(II.EQ.9) 
GO TO 75 
IF( PIN(II,J).NE.IBLANK 
) GO TO 65 
I=9 
70 
I=I-1 
II=II-1 
PIN(I,J)=PIN(II,J) 
PIN( II,J)=IBLANK 
IF(II.NE.1) 
GO TO 70 
75 CONTINUE 
WRITE (POF,76) TITLE 
76 FORMAT(/,' 
',80Al) 
WRITE (POF,78) ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
1 
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
2 
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
3 
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR 
78 FORMAT(/, 
I 
1,14X,14Al,3X,14Al, 
1 
I,' 
',14X,Al,13X,Al,1X,Al,13x,Al) 


WRITE (POF,80) ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
FORMAT(' 
',11X,4Al,29X,4Al) 
WRITE(POF,81) 
(PIN(I,J), 1=1,8), ISTAR,J, ISTAR, 
(IIN(I,l), 1=1,7) ,ISTAR,JJ, ISTAR, (PIN(I,JJ), 1=1,8) 
FORMAT(' 
',8Al,3X,Al,I2,Al,11X,7Al,11X,Al,I2,Al,3X,8Al) 
WRITE (POF,82) ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
FORMAT(' 
',11X,4Al,29X,4Al) 
WRITE (POF,84) ISTAR,(IIN(I,2),I=1,7),ISTAR 
FORMAT(' 
',14X,Al,11X,7Al,11X,Al) 
DO 86 II=1,2 
DO 85 1=1,7 
IIN (I,II)=IBLANK 
CONTINUE 
JJ=JJ-1 
88 CONTINUE 
WRITE (POF,90) 
1 
2 
3 
90 FORMAT (, 
RETURN 
END 


1 
81 


ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, 
ISTAR, ISTAR, ISTAR, ISTAR, ISTAR, ISTAR,ISTAR 
,,14X,31Al) 


C 
C*********************************************************************** 


C 
SUBROUTINE 
PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,LDUMP,ITYPE, 
1 
LPROD,IOP,IBLO~ 
C 
THIS THIS SUBROUTINE 
PRODUCES 
THE FUSE PLOT 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER IBUF(8,20),IOUT(64),ISAVE(64,32),TITLE(80) 
LOGICAL LBUF(20),LFUSES(32,64),LDUMP,LPROD(80) 
COMMON /LUNIT/ 
PMS,POF,PDF 
DATA ISAVE/2048*' 
'/,IAND/'*'/,IOR/'+'/,ISLASH/'/'/, 
1 
IDASH/'-'/,X/'X'/,IBLANK/' 
'/,P/'P'/,B/'B'/, 
2 
HIFANT/'O'/ 
IF(LDUMP) GO TO 60 
IF(ISAVE(IPROD,l).NE.IBLANK) 
RETURN 
IF( LBUF(l) 
) GO TO 5 
DO 30 J=1,31 
30 
ISAVE(IPROD,J)=ISAVE(IPROD,J+1) 
ISAVE(IPROD,32)=ISLASH 
5 DO 20 I=1,8 
IF( ISAVE(IPROD,l) .NE.IBLANK ) RETURN 
IF( IBUF(I,l).EQ.IBLANK 
) GO TO 20 
DO 10 J=1,31 
10 
ISAVE(IPROD,J)=ISAVE(IPROD,J+1) 
ISAVE(IPROD,32)=IBUF(I,1) 
20 
CONTINUE 
IF(ISAVE(IPRO~,l).NE.IBLANK) 
RETURN 
40 DO 50 J=1,31 
50 
ISAVE(IPROD,J)=ISAVE(IPROD,J+1) 
ISAVE(lPROD,32) =lAND 
RETURN 


C 
PRINT FUSE PLOT 
60 WRlTE(POF,62) 
TITLE 
62 FORMAT(/,' 
',80Al,//, 
1 ' 
11 1111 1111 2222 2222 2233',/, 
2 
I 
0123 4567 8901 2345 6789 0123 4567 8901',/) 
DO 100 188PRO=1,57,8 
DO 94 18PRO=1,8 
IPROD=I88PRO+18PRo-1 
ISAVE(IPROD,32)=IBLANK 
DO 70 1=1,32 
IF( lSAVE(IPROD,l).NE.IBLANK ) GO TO 70 
DO 65 J=1,31 
ISAVE(IPROD,J)=ISAVE(IPROD,J+1) 
65 
CONTINUE 
ISAVE (IPROD,32)=IBLANK 
70 
CONTINUE 
DO 80 1=1,32 
IOUT(I)=X 
IF( LFUSES(I,IPROD) ) IOUT(I)=IDASH 
IOUT(I+32)=ISAVE(IPROD,I) 
80 
CONTINUE 
IF(ITYPE.LE.4) CALL FANTOM(ITYPE,IOUT,IPROD,I8PRO) 
IPROD=IPROD-1 
DO 85 J=1,32 
IF( IOP.EQ.B.AND.IOUT(J).EQ.HIFANT) 
IOUT(J)=IBLANK 
85 
CONTINUE 
IF( (IOP.EQ.P).OR.(IOP.EQ.B.AND.(LPROD(IPROD+1») 
1 
WRITE (POF,90) IPROD,IOUT 
90 
FORMAT(' 
',12,8(' ',4Al),' ',32Al) 
94 
CONTINUE 
WRITE (POF,96) 
96 
FORMAT (lX) 
100 
CONTINUE 
WRITE (POF,110) 
110 FORMAT (/, 
l' LEGEND: 
X: 
FUSE NOT BLOWN (L,N,O) 
-: 
FUSE BLOWN 
(H,P,l)') 
IF( IOP.EQ.P.AND.ITYPE.LE.4 
WRITE (POF,111) 
111 FORMAT ( 
l' 
0 : PHANTOM FUSE 
(L,N,0) 
0: 
PHANTOM FUSE 
(H,P,1) ') 
WRlTE(POF,112) 
IBLOW 
112 FORMAT(/,' NUMBER OF FUSES BLOWN = ',14) 
WRITE (POF,113) 
113 FORMAT (//) 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE HEX (LFUSES,lOP) 
C 
THIS SUBROUTINE GENERATES HEX PROGRAMMING FORMATS 
IMPLICIT INTEGER (A-Z) 
INTEGER lTEMP (64) 
LOGICAL LFUSES(32,64) 
COMMON /LUNIT/ PMS,POF,PDF 
DATA STX/Z02000000/,BEL/Z2FOOOOOO/,SOH/01000000/,H/'H'/,S/'S'/ 


IF(IOP.EQ.H) WRITE (PDF,10) 
10 FORMAT(//,' 
•',//) 
C***** roTE: SOME PROM PROGRAMMERS NEED A START CHARACTER. 
C***** 
THIS PROGRAM OUTPUTS AN STX FOR THE DATA I/O MODEL 9 
C***** 
(USE SOH FOR MODEL 5) 
WRITE(PDF,S) 
BEL,BEL,BEL,BEL,BEL.BEL,BEL,STX,SOH 
5 FORMAT (9Al) 
DO 40 1=1,33,32 
INC=I-l 
DO 40 IPROD=I,7,2 
DO 20 J=I,2 
DO 20 IINPUT=I,32 
lHEX=O 
IF(LFUSES(IINPUT,IPROD 
+ J-l + O+INC» 
lHEX=IHEX+l 
IF(LFUSES(IINPUT,IPROD 
+ J-l + 8+INC» 
lHEX=IHEX+2 
IF(LFUSES(IINPUT,IPROD 
+ J-l +16+INC» 
lHEX=IHEX+4 
IF(LFUSES(IINPUT,IPROD 
+ J-l +24+INC» 
lHEX=IHEX+8 
20 
ITEMP(IINPUT + 32*(J-l) )=IHEX 
IF(IOP.EQ.H) WRITE (PDF,60) lTEMP 
40 
IF(IOP.EQ.S) WRlTE(PDF,61) 
lTEMP 
60 
FORMAT(' 
',32(ZI,' '),'.',/,' ',32(ZI,' '),'.') 
61 
FORMAT (, ',64Z1) 
IF(IOP.EQ.H) WRITE (PDF,70) 
70 FORMAT(' 
',//,' 
.',//) 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE TWEEK (ITYPE,lOT,LFUSES) 
C 
THIS SUBROUTINE TWEEKS LFUSES 
(THE PROGRAMMING FUSE PLOT) 
C 
FOR HIGH AND LOW PHANTOM FUSES 
IMPLICIT INTEGER 
(A-Z) 
LOGICAL LFUSES(32,64) 
DATA L/'L'/,C/'C'/ 
IF(ITYPE.GE.4) GO TO 20 
DO 10 IPROD=I,64 
LFUSES(IS,IPROD)=.TRUE. 
LFUSES(16,IPROD)=.TRUE. 
LFUSES(19,IPROD)=.TRUE. 
LFUSES(20,IPROD)=.TRUE. 
IF(ITYPE.GE.3) GO TO 10 
LFUSES (11,IPROD)=.TRUE. 
LFUSES (12,IPROD)=.TRUE. 
LFUSES(23,IPROD)=.TRUE. 
LFUSES(24,IPROD)=.TRUE. 
IF(ITYPE.GE.2) GO TO 10 
LFUSES( 7,IPROD)=.TRUE. 
LFUSES( 8,IPROD)=.TRUE. 
LFUSES(27,IPROD)=.TRUE. 
LFUSES(28,IPROD)=.TRUE. 
10 
CONTINUE 
DO 18 IINPUT=7,28 
DO 12 IPRODs1,57,8 
LFUSES(IINPUT,IPROD+4)=.FALSE. 


LFUSES(IINPUT,IPROD+5)=.FALSE. 
LFUSES(IINPUT,IPROD+6)=.FALSE. 
12 
LFUSES(IINPUT, IPROD+7) =.FALSE. 
IF(ITYPE.GE.3) 
GO TO 18 
DO 14 IPROD=17,41,8 
LFUSES(IINPUT,IPROD+2)=.FALSE. 
14 
LFUSES(IINPUT,IPROD+3)=.FALSE. 
IF(ITYPE.GE.2) 
GO TO 18 
DO 16 
IPROD=I,57,8 
LFUSES(IINPUT, IPROD+2) =.FALSE. 
16 
LFUSES(IINPUT,IPROD+3)=.FALSE. 
18 CONTINUE 
20 IF( 
(ITYPE.EQ.l) 
.OR. 
«ITYPE.EQ.4).AND. 
(IOT.EQ.L» 
) RETURN 
DO 99 IINPUT=1,32 
DO 30 IPROD=1,8 
LFUSES(IINPUT,IPROD+ 
0)= 
(IOT.NE.L) 
30 
IF(IOT.NE.C) 
LFUSES(IINPUT,IPROD+56)= 
(IOT.NE.L) 
IF(ITYPE.LE.2) 
GO TO 99 
DO 40 
IPROD=1,8 
LFUSES(IINPUT,IPROD+ 
8)= 
(IOT.NE.L) 
40 
IF(IOT.NE.C) 
LFUSES(IINPUT,IPROD+48)= 
(IOT.NE.L) 
IF(ITYPE.LE.3) 
GO TO 99 
DO 50 IPROD=1,8 
LFUSES(IINPUT,IPROD+16)= 
(IOT.NE.L) 


50 
IF(IOT.NE.C) 
LFUSES(IINPUT,IPROD+40)= 
(IOT.NE.L) 
99 
CONTINUE 
RETURN 
END 


C 
C*********************************************************************** 
C 


SUBROUTINE 
BINR(LFUSES,H,L) 
C 
THIS SUBROUTINE 
GENERATES 
BINARY 
PROGRAMMING 
FORMATS 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
ITEMP(4,8) 
LOGICAL 
LFUSES(32,64) 
COMMON 
/LUNIT/ 
PMS,POF,PDF 
WRITE(PDF,10) 
10 FORMAT (// ,• 
• ',//) 
DO 20 1=1,33,32 
INC=I-l 
DO 20 IPROD=1,8 
DO 20 J=1,25,8 
DO 15 K=I,8 
IINPUT=J+K-l 
ITEMP(l,K)=L 
ITEMP(2,K)=L 
ITEMP(3,K)=L 
ITEMP(4,K)=L 
IF(LFUSES(IINPUT,IPROD+ 
O+INC» 
ITEMP(4,K)=H 
IF(LFUSES(IINPUT,IPROD+ 
8+INC» 
ITEMP(3,K)=H 
IF(LFUSES(IINPUT,IPROD+16+INC» 
ITEMP(2,K)=H 
IF(LFUSES(IINPUT,IPROD+24+INC» 
ITEMP(I,K)=H 


15 
CONTINUE 


20 
WRITE (PDF,30) ITEMP 


30 
FORMAT(' 
',8('B',4Al,'F '» 
WRITE (PDF,10) 
RETURN 
END 


C 
C*********************************************************************** 
C 
SUBROUTINE 
SLIP(LFUSES,I88PRO,INOAI,IOT,INOO,IBLOW) 
C 
THIS SUBROUTINE 
WILL 
BLOW THE ENTIRE 
CONDITIONAL 
THREE 
STATE 
C 
PRODUCT 
LINE WHEN 
'IF(VCC)' CONDITION 
IS USED FOR THE 
C 
CORRESPONDING 
OUTPUT 
PIN 
IMPLICIT 
INTEGER 
(A-Z) 
LOGICAL 
LFUSES(32,64) 
DATA R/IR'/,I1/'1'/,I2/'2'/,I4/'4'/,I6/'6'/,I8/'8'/ 
IF( 
(INOAI.NE. 16) .OR. 
(INOO.EQ. Il) .OR. 
(INOO.EQ. 12) .OR. 
1 
«IOT.EQ.R).AND.(INOO.EQ.I8» 
.OR. 
2 
«I88PRO.GE. 
9).AND.(I88PRO.LE.49).AND.(INOO.EQ.I6) 
) .OR. 
3 
«I88PRO.GE.17).AND.(I88PRO.LE.41).AND.(INOO.EQ.I4») 
RETURN 
00 10 I=1,32 
IBLOW = IBLOW + 1 
10 LFUSES(I,I88PRO) 
= •TRUE. 
188PRO = 188PRO + 1 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE 
FANTOM(ITYPE,IOUT,IPROD,I8PRO) 
C 
THIS SUBROUTINE 
UPDATES 
lOUT 
(THE PRINTED 
FUSE PLOT) 
C 
FOR HIGH AND LOW PHANTOM 
FUSES 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
IOUT(64) 
DATA X/'X'/,IDASH/'-'/,LOFANT/'O'/,HIFANT/'O'/ 
00 10 I=1,32 
IF( IOUT(I).EQ.IDASH 
IOUT(I)=HIFANT 
IF( IOUT(I).EQ.X 
) 
IOUT(I)=LOFANT 
10 CONTINUE 
IF«ITYPE.EQ.4).AND. 
«IPROD.LE.24).OR. 
(IPROD.GE.41») 
RETURN 
IF«ITYPE.EQ.3).AND. 
«IPROD.LE.16).OR. 
(IPROD.GE.45») 
RETURN 
IF«ITYPE.EQ.2).AND. 
«IPROD.LE. 
8).OR. (IPROD.GE.53») 
RETURN 
IF«ITYPE.LE.3).AND.(I8PRO.GE.5» 
RETURN 
IF«ITYPE.LE.2).AND. 
(IPROD.GE.19).AND. (IPROD.LE.48).AND. 
1 
(I8PRO.GE.3» 
RETURN 
IF«ITYPE.EQ.1).AND.(I8PRO.GE.3» 
RETURN 
00 
50 I=1,32 
IF( «I.EQ.15) 
•OR. (I.EQ.16) •OR. (I.EQ.19) .OR. (LEQ.20» 
•AND. 
1 
.(ITYPE.LE.3» 
GO TO 50 
IF« 
(I.EQ.ll) •OR. (LEQ.12) •OR. (LEQ.23) 
.OR. (LEQ.24» 
•AND. 
1 
(ITYPE.LE.2» 
GO TO 50 
IF( «I.EQ. 
7)•OR. (LEQ. 
8) •OR. (I.EQ.27) .OR. (LEQ.28» 
•AND. 
1 
(ITYPE.LE.1» 
GO TO 50 
IF( IOUT(I).EQ.HIFANT) 
IOUT(I)=IDASH 
IF( IOUT(I).EQ.LOFANT) 
IOUT(I)=X 
50 CONTINUE 
RETURN 


C 
C*********************************************************************** 


C 
SUBROUTINE 
IODC2 
C*****THIS 
ROUTINE 
IS OPTIONAL, 
IT MAY BE USED TO TURN PERIPHERALS 
ON 
IMPLICIT 
INTEGER 
(A-Z) 
COMMON 
/LUNIT/ 
PMS,POF,PDF 
DATA DC2/Z12000000/,BEL/Z2FOOOOOO/ 
WRITE(PDF,10) 
DC2,BEL 
10 FORMAT (, ',2Al) 
RETURN 
END 


C 
C*********************************************************************** 


C 


SUBROUTINE 
IODC4 


C*****THIS 
ROUTINE 
IS OPTIONAL, 
IT MAY BE USED TO TURN PERIPHERALS 
OFF 
IMPLICIT 
INTEGER 
(A-Z) 
COMMON 
/LUNIT/ 
PMS,POF,PDF 
DATA DC3/Z37000000/,DC4/Z3COOOOOO/,BEL/Z2FOOOOOO/ 
WRITE (PDF,10) BEL,DC3,DC4 
10 FORMAT (, ',3Al) 
RETURN 
END 


C 
C*********************************************************************** 
C 


SUBROUTINE 
TEST(LPHASE,LBUF,TITLE,IC,IL,ILE,ISYM,IBUF, 
1 
ITYPE,INOO,LFIX) 


C 
THIS SUBROUTINE 
PERFORMS 
THE FUNCTION 
TABLE 
SIMULATION 


C 
AND GENERATES 
TEST VECTORS 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
ISYM(8,20),ISYMl(8,20) ,IBUF(8,20) ,IVECT(20) ,IVECTP(20), 


1 
ISTATE(20),ISTATT(20) ,IPIN(20),TITLE(80) 


LOGICAL 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 
1 
LFIX,LSAME, XORFND,LERR, LPHASE(20) ,LPHAS1 (20),LBUF(20), 


2 
LOUT(20),LOUTP(20) ,LCLOCK, LPTRST,LCTRST, LENABL(20) ,NREG 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR 
COMMON 
/PGE/ 
IPAGE(80,200) 


COMMON 
/LUNIT/ 
PMS,POF,PDF 


COMMON 
/FTEST/ 
IFUNCT,IDESC,IEND 


DATA 
IDASH/'-'/,L/'L'/,H/'H'/,X/'X'/,C/'C'/,Z/'Z'/,NO/'O'/,N1/'1'/, 
1 
IBLANK/' 
'/,COMENT/';'/,I6/'6'/,I8/'8'/ 


C 
PRINT AN ERROR MESSAGE 
IF NO FUNCTION 
TABLE 
IS SUPPLIED 


IF(IFUNCT.NE.O) 
GO TO 3 


WRITE (PMS,2) 


2 FORMAT (/,' FUNCTION 
TABLE MUST BE SUPPLIED 
IN ORDER 
TO PERFORM', 


1 
' SIMULATION') 


RETURN 


C 
PRINT 
TITLE 


3 WRITE(POF,4) 
TITLE 


4 FORMAT(/,' 
',80Al,/) 


C 
INITIALIZE 
LERR 
(ERROR FLAG) TO NO ERROR 


LERR=. FALSE. 


C 
INITIALIZE ITRST (THREE STATE ENABLE FUNCTION TABLE PIN NUMBER) 
ITRST=O 
C 
SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUMN 0 
C 
AND IFUNCT + 1 
IC=O 
IL=IFUNCT + 1 
C 
MAKE A DUMMY CALL TO INCR 
CALL INeR(IC,IL,LFIX) 
C 
GET THE FUNCTION TABLE PIN LIST 
(UP TO 18) 
C 
GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE 
DO 10 1=1,19 
CALL GETSYM{LPHASl,ISYMl,I, IC,IL,LFIX) 
DO 5 J=1,8 
5 
IBUF{J,l)=ISYMl{J,I) 
IF{IBUF(8,1).EQ.IDASH) 
GO TO 12 
CALL MATCH{IMATCH, IBUF,ISYM) 
IF{IMATCH.NE.O) GO TO 7 
WRITE{PMS,6) 
(IBUF{J,1),J=1,8) 
6 FORMAT{/,' FUNCTION TABLE PIN LIST ERROR AT', 8Al) 
RETURN 
7 LOUT{I)=.FALSE. 
ISTATT{I)=X 
IVECTP{I)=X 
C 
IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK AND THREE STATE 
C 
ENABLE PIN IN FUNCTION TABLE PIN LIST 
IF{ITYPE.NE.6) GO TO 10 
IF{IMATCH.EQ.l) 
ICLOCK=I 
IF{IMATCH.EQ.l1) 
ITRST=I 
10 IPIN{I)=IMATCH 
C 
ALL SIGNAL NAMES FOR THE FUNCTIONAL TEST HAVE BEEN READ IN 
C 
ADJUST COUNT 
12 IMAX=I-1 
NVECT=O 
C 
C*****START OF MAIN LOOP FOR SIMULATION***** 
C 
90 NVECT=NVECT+1 
ICl=O 
ILl=ILE 
C 
GO PASSED COMMENT LINES 
23 IF(IPAGE{l,IL).NE.COMENT) 
GO TO 24 
IL=IL+l 
GO TO 23 
24 CONTINUE 
C 
GETS VECTORS FROM FUNCTION TABLE 
DO 20 1=1,IMAX 
IF(IPAGE{IC,IL).EQ.IBLANK) 
GO TO 21 
GO TO 22 
21 
IC=IC+1 
IF(IPAGE{IC,IL).EQ.IBLANK) 
GO TO 21 
22 
IVECT{I)=IPAGE{IC, IL) 
IC=IC+l 
20 CONTINUE 
C 
ADVANCE LINE COUNT TO SKIP FUNCTION TABLE COMMENTS 
IL=IL+l 


IC=1 
IF(IVECT(1).EQ.IDASH) 
GO TO 95 
C 
CHECK 
FOR VALID 
FUNCTION 
TABLE VALUES 
(L,H,X,Z,C) 
DO 11 1=1,IMAX 
IF( IVECT(I).EQ.L.OR.IVECT(I).EQ.H.OR.IVECT(I).EQ.X.OR. 
1 
IVECT(I).EQ.Z.OR.IVECT(I) 
.EQ.C) GO TO 11 
WRITE (PMS,8) IVECT(I),NVECT 
8 
FORMAT (/,' 
I, Al, I 
IS NOT AN ALLOWED 
FUNCTION 
TABLE 
ENTRY' 
1 
' IN VECTOR 
',13) 
RETURN 
11 CONTINUE 
C 
INITIALIZE 
CLOCK AND THREE 
STATE ENABLE 
FLAGS 
LCLOCK=. FALSE. 
LCTRST=. TRUE. 
LPTRST=. TRUE. 
DO 13 I=1,IMAX 
13 
LENABL(I)=.TRUE. 
C 
INITIALIZE 
NREG 
(NOT REGISTERED 
OUTPUT) 
TO FALSE 
NREG=.FALSE. 
C 
INITIALIZE 
ISTATE ARRAY 
TO ALL X'S 
DO 15 1=1,20 
15 ISTATE(I)=X 
C 
CHECK 
IF THIS PAL TYPE HAS REGISTERS 
IF(ITYPE.NE.6) 
GO TO 25 
C 
CHECK 
CLOCK 
AND THREE 
STATE ENABLE 
PINS AND CHANGE 
FLAG 
IF NEEDED 
IF(IVECT(ICLOCK).EQ.C) 
LCLOCK=.TRUE. 
IF(ITRST.EQ.O) 
GO TO 25 
LSAME=( 
( 
LPHASE(11» 
•AND. ( 
LPHAS1(ITRST» 
•OR. 
1 
(.NOT.LPHASE(11» 
.AND. (.NOT.LPHAS1(ITRST» 
) 
IF( IVECT(ITRST).EQ.L.AND.(.NOT.LSAME).OR. 
1 
IVECT(ITRST).EQ.H.AND. 
( 
LSAME» 
LPTRST=.FALSE. 
IF(LPTRST) GO TO 25 
C 
DISABLE 
REGISTERED 
OUTPUTS 
IF APPROPRIATE 
DO 46 1=1,IMAX 
J=IPIN(I) 
IF(J.EQ.14.0R.J.EQ.15.0R.J.EQ.16.0R.J.EQ.17) 
LENABL(I)=.FALSE. 
IF( INOO.EQ.I6.AND. (J.EQ.13.0R.J.EQ.18» 
LENABL(I)=.FALSE. 
IF( INOO.EQ.I8.AND. (J.EQ.12.0R.J.EQ.13 
1 
.OR.J.EQ.18.0R.J.EQ.19) 
LENABL(I)=.FALSE. 
46 CONTINUE 


C 
C*****SCAN 
THROUGH 
THE LOGIC EQUATIONS***** 
C 
C 
MAKE A DUMMY CALL TO INCR 
25 CALL 
INCR(IC1,IL1,LFIX) 
26 CALL GETSYM(LBUF,IBUF,1,IC1,IL1,LFIX) 
IF(LLEFT) GO TO 29 
27 IF (•NOT.LEQUAL) 
GO TO 26 
C 
EVALUATE 
CONDITIONAL 
THREE 
STATE PRODUCT 
LINE 
29 IF (LEQUAL) GO TO 35 
NREG=. TRUE. 
33 CALL GETSYM(LBUF,IBUF,1,IC1,IL1,LFIX) 
CALL MATCH{IINP, IBUF,ISYMl) 
C 
CHECK 
FOR GND, VCC, /GND, OR /VCC 
IN CONDITIONAL 
THREE 
STATE 
C 
PRODUCT 
LINE 
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IF(IINP.NE.O) 
GO TO 32 
CALL HATCH (IHATCH, IBUF, ISYM) 
ILL=ILl 
IF( IINP.EQ.0.AND.IHATCH.NE.10.AND.IHATCH.NE.20 
) GO TO 100 
IF( IHATCH.EQ.10.AND.(LBUF(1» 
.OR. 
1 
IHATCH.EQ.20.AND. (.NOT.LBUF(l» 
) LCTRST=.FALSE. 
GO TO 34 
32 ITEST=IVECT(IINP) 
IF( 
ITEST.EQ.L.AND.( 
LPHAS1(IINP».AND.( 
LBUF(l» 
1.OR. ITEST.EQ.H.AND.( 
LPHAS1(IINP».AND.(.NOT.LBUF(1» 
2.0R. 
ITEST.EQ.H.AND. (.NOT.LPHAS1(IINP».AND. 
( 
LBUF(l» 
3.0R. ITEST.EQ.L.AND.(.NOT.LPHAS1(IINP».AND. 
(.NOT.LBUF(l» 
4 
) 
LCTRST=. FALSE. 
IF(ITEST.EQ.X.OR.ITEST.EQ.Z) 
LCTRST=.FALSE. 
34 IF (LAND) GO TO 33 
GO TO 27 
C 
C 
EVALUATE 
THE LOGIC EQUATION 
C 
C 
FIND THE PIN NUMBER OF THE OUTPUT VECTORS 
35 CALL HATCH (IOUTP, IBUF,ISYMl) 
ILL=ILl 
IF(IOUTP.EQ.O) 
GO TO 100 
IF (NREG) LENABL(IOUTP) =LCTRST 
LOUT(IOUTP)=.TRUE. 
IF ( •NOT.LCTRST 
) LOUT fIOUTP)=.FALSE. 
LCTRST". TRUE. 
LOUTP(IOUTP)=LBUF(l) 
C 
DETERMINE 
PRODUCT TERM AND EVENTUALLY 
SUM FOR OUTPUT 
KEEPING 
C 
TRACK TO SEE IF AN XOR 
(EXCLUSIVE OR) HAS BEEN FOUND 
XORSUM=H 
XORFND=. FALSE. 
ISUM=L 
28 IPROD=H 
30 ILL=ILl 
CALL GETSYM(LBUF,IBUF,l, IC1,IL1,LFIX) 
IF( .NOT.LFIX 
) GO TO 39 
C 
EVALUATE 
THE FIXED SYMBOLS FOUND IN THE PALl6X4 AND PALl6A4 
LFIX=. FALSE. 
CALL FIXTST(LPHAS1,LBUF, IC1,ILl,ISYM,ISYMl, IBUF, 
1 
IVECT,IVECTP,ITEST,LCLOCK,NREG,LFIX) 
IF(IPROD.EQ.H) 
IPROD=ITEST 
GO TO 38 
39 CALL HATCH(IINP,IBUF,ISYMl) 
IF(IINP.NE.O) 
GO TO 45 
CALL HATCH (IHATCH,IBUF,ISYM) 
IF(IHATCH.NE.10) 
GO TO 100 
ITEST=L 
IINP=19 
LPHAS1(19)=.TRUE. 
GO TO 37 
45 ITEST=IVECT(IINP) 
C 
GET FEED BACK VALUES 
IF( (.NOT.LCLOCK) .OR.(NREG) ) GO TO 37 
CALL HATCH(IIFB, IBUF,ISYM) 


IF( IIFB.EQ.14.0R.IIFB.EQ.15.0R.IIFB.EQ.16.0R.IIFB.EQ.17 
1 
lTEST=IVECTP(IINP) 
IF( 
(INOO.EQ.I6.0R.INOO.EQ.I8).AND. 
(IIFB.EQ.13.0R.IIFB.EQ.18) 
1 
lTEST=IVECTP(IINP) 
IF( INOO.EQ.I8.AND.(IIFB.EQ.12.0R.IIFB.EQ.19) 
1 
lTEST=IVECTP(IINP) 
37 IF( lTEST.EQ.X.OR.lTEST.EQ.Z 
) ITEST=L 
IF( 
lTEST.EQ.L.AND.( 
LPHAS1(IINP)) •AND. ( 
LBUF(I)) 
1.OR. 
lTEST.EQ.H.AND. ( 
LPHAS1(IINP)).AND. (.NOT.LBUF(I)) 
2.0R. 
lTEST.EQ.H.AND.(.NOT.LPHAS1(IINP)).AND. 
( 
LBUF(I)) 
3.0R. 
lTEST.EQ.L.AND.(.NOT.LPHAS1(IINP)) 
.AND. (.NOT.LBUF(I)) 
4 
) 
IPROD=L 
38 IF(LRIGHT) CALL 
INCR(IC1,IL1,LFIX) 
IF (LAND) GO TO 30 
IF(ISUM.EQ.L.AND.IPROD.EQ.X) 
ISUM=X 
IF( 
(ISUM.NE.H).AND.IPROD.EQ.H 
) ISUM=H 
C 
CHECK 
FOR XOR 
(EXCLUSIVE OR) AND SAVE 
INTERMEDIATE 
VALUE 
IF(.NOT.LXOR) 
GO TO 31 
XORSUM= ISUM 
XORFND=. TRUE. 
ISUM=L 
GO TO 28 
31 IF (LOR) GO TO 28 
C 
IF END OF EQUATION 
HAS BEEN FOUND, 
DETERMINE 
FINAL 
SUM AND SAVE 
IT 
IF(.NOT.XORFND) 
ISTATT(IOUTP)=ISUM 
IF( 
(XORFND).AND. «ISUM.EQ.L.AND.XORSUM.EQ.L).OR. 
1 
(ISUM.EQ.H.AND.XORSUM.EQ.H)) 
) ISTATT(IOUTP)=L 
IF( 
(XORFND).AND. «ISUM.EQ.H.AND.XORSUM.EQ.L).OR. 
1 
(ISUM.EQ.L.AND.XORSUM.EQ.H)) 
) ISTATT(IOUTP)=H 
IF( 
(XORFND).AND. 
(ISUM.EQ.X.OR. 
XORSUM.EQ.X) 
) 
ISTATT(IOUTP)=X 
NREG=. FALSE. 
C 
CHECK 
IF ALL EQUATIONS 
HAVE BEEN 
PROCESSED 
BY COMPARING 
CURRENT 
C 
LINE NUMBER 
WITH 
FUNCTION 
TABLE LINE NUMBER 
IF(IDESC.NE.0.AND.IL1.LT.IFUNCT.AND.IL1.LT.IDESC.OR. 
1 
IDESC.EQ.0.AND.IL1.LT.IFUNCT) 
GO TO 27 
C 
DETERMINE 
OUTPUT 
LOGIC VALUES 
C 
COMPARE 
OUTPUTS 
TO SEE 
IF VECTOR 
AGREES WITH 
RESULTS 
00 50 I=I,IMAX 
IF( •NOT.LOUT(I) 
) GO TO 50 
IF( ISTATT(I).EQ.X.AND.lVECT(I).EQ.X 
) GO TO 50 
LSAME 
= 
« 
LOUTP(I)) •AND. ( 
LPHAS1(I)) •OR. 
1 
(.NOT.LOUTP(I)).AND.(.NOT.LPHAS1(I)) 
) 
lMESS=40 
IF(ISTATT(I).EQ.L.AND.lVECT(I) 
.EQ.L.AND. (.NOT.LSAME)) 
lMESS=41 
IF(ISTATT(I).EQ.H.AND.lVECT(I) 
.EQ.H.AND. (.NOT.LSAME)) 
lMESS=42 
IF(ISTATT(I).EQ.L.AND.lVECT(I).EQ.H.AND. 
( 
LSAME)) 
lMESS=42 
IF(ISTATT(I).EQ.H.AND.lVECT(I).EQ.L.AND.( 
LSAME)) 
lMESS=41 
IF( 
( 
LENABL(I)).AND.lVECT(I).EQ.Z) 
lMESS=43 
IF( 
(.NOT.LENABL(I)) •AND. (LOUT(I)).AND.lVECT(I).NE.Z) 
lMESS=44 
IF(lMESS.NE.40) 
LERR=. TRUE. 
IF(IMESS.EQ.41) 
wRITE(PMS,41) 
NVECT,(ISYM1(J,I) ,J=I,8) 
41 FORMAT (/,' FUNCTION 
TABLE ERROR 
IN VECTOR', 13,' 
PIN =',8Al, 
1 
' 
EXPECT 
= H 
ACTUAL 
= L I ) 
IF(IMESS.EQ.42) 
WRITE (PMS,42) NVECT,(ISYM1(J,I) ,J=I,8) 
42 FORMAT (/,' FUNCTION 
TABLE ERROR 
IN VECTOR', 13,' 
PIN =',8Al, 


1 
EXPECT 
= L 
ACTUAL 
= H') 
IF(IMESS.EQ.43) 
WRITE (PMS,43) NVECT,(ISYM1(J,I) ,J=1,8) 
43 FORMAT (/,' FUNCTION 
TABLE ERROR 
IN VECTOR I ,13,' 
PIN =',8Al, 
1 
/, I 
EXPECT 
= OUTPUT 
ENABLE 
ACTUAL 
= Z') 
IF(IMESS.EQ.44) 
WRITE(PMS,44) 
NVECT,(ISYM1(J,I),J=1,8) 
,IVECT(I) 
44 FORMAT U,' 
FUNCTION 
TABLE ERROR 
IN VECTOR',13, 
I 
PIN = I, 8Al, 
1 
EXPECT 
= Z 
ACTUAL 
= 
" Al) 
50 CONTINUE 
C 
CHANGE 
THE ORDER OF VECTORS 
FROM THE ORDER OF APPEARANCE 
IN THE 
C 
FUNCTION 
TABLE 
TO THAT OF THE PIN LIST AND TWEEK 
FOR OUTPUT 
00 65 I=1,20 
00 55 J=l,IMAX 
IF(IPIN(J).NE.I) 
GO TO 55 
IF( IVECT(J).EQ.L.OR.IVECT(J).EQ.H 
) GO TO 51 
ISTATE(I)=IVECT(J) 
GO TO 65 
51 
LSAME=( 
( 
LPBASE(I».AND.( 
LPBASl(J» 
.OR. 
1 
(.NOT.LPBASE(I».AND.(.NOT.LPBASl(J» 
) 
IF( INOO.EQ.Nl.AND. (I.EQ.15.0R.I.EQ.16» 
LOUT(J)=.TRUE. 
IF( (.NOT.LOUT(J» 
•AND. ( 
LSAME).AND. 
1 
IVECT(J).EQ.L) 
ISTATE(I)=NO 
IF( 
(.NOT.LOUT(J».AND. 
( 
LSAME) .AND. 
1 
IVECT(J).EQ.H) 
ISTATE(I)=Nl 
IF( 
(.NOT.LOUT(J».AND.(.NOT.LSAME).AND. 
1 
IVECT(J).EQ.L) 
ISTATE(I)sNl 
IF( (.NOT.LOUT(J) )•AND. (.NOT. LSAME) •AND. 
1 
IVECT(J).EQ.H) 
ISTATE(I)=NO 
IF( 
LOUT(J» 
.AND. ( 
LSAME) .AND. 
1 
IVECT(J).EQ.L.AND. ( 
LENABL(J» 
ISTATE(I)=L 
IF( 
LOUT(J» 
•AND. ( 
LSAME) •AND. 
1 
IVECT(J).EQ.H.AND. ( 
LENABL(J» 
ISTATE(I)=H 
IF ( 
LOUT (J))•AND. (•NOT. LSAME) .AND. 
1 
IVECT(J).EQ.L.AND. ( 
LENABL(J» 
ISTATE(I)=H 
IF( 
LOUT(J» 
•AND. (.NOT.LSAME) •AND. 
1 
IVECT(J).EQ.H.AND. ( 
LENABL(J» 
ISTATE(I)=L 
GO TO 65 
55 CONTINUE 
C 
SAVE PRESENT 
VECTORS 
FOR FEED BACK USED WITH NEXT 
SET OF VECTORS 
C 
IF CLOCK 
PULSE AND NOT 
Z (Z WOULD 
BE AN UNREALISTIC 
VALUE) 
65 IF( 
(LCLOCK).AND.IVECT(J).NE.Z 
) IVECTP(J)=IVECT(J) 
C 
ASSIGN 
X TO GROUND 
PIN AND 1 TO VCC PIN 
ISTATE(10) =X 
ISTATE(20)=Nl 
C 
PRINT 
TEST VECTORS 
WRITE(POF,60) 
NVECT,(ISTATE(I),I=1,20) 
60 FORMAT (, 
I, I2, I 
',20Al) 


GO TO 90 
C 
TERMINATE 
SIMULATION 
95 IF(.NOT.LERR) 
WRITE (POF,67) 
67 FORMATU, 
I 
PASS SIMULATION') 
RETURN 
C 
PRINT AN ERROR MESSAGE 
FOR AN UNDEFINED 
PIN NAME 
100 
ILERR=ILL+4 
WRITE (PMS,101) 
(IBUF(I,l), I=1,8), ILERR, (IPAGE(I, ILL), I=1,80) 
101 FORMAT U,' 
ERROR SYMBOL 
= I,8Al, , 
IN LINE NUMBER 
',13, 


1 
/,' 
2 
RETURN 
END 


',80Al,/,' THIS PIN NAME IS NOT DEFINED IN THE', 
, FUNCTION TABLE PIN LIST') 


C 
C*********************************************************************** 


C 
SUBROUTINE FIXTST(LPHAS1,LBUF, IC1,ILl,ISYM,ISYMl,IBUF, 
1 
IVECT,IVECTP,ITEST,LCLOCK,NREG,LFIX) 
C 
THIS SUBROUTINE EVALUATES THE FIXED SYMBOLS FOUND IN THE 
C 
PAL16X4 AND PAL16A4 FOR THE FUNCTION TABLE 
IMPLICIT INTEGER 
(A-Z) 
INTEGER ISYM(8,20),ISYMl(8,20),IBUF(8,20) ,IVECT(20) ,IVECTP(20) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR, 
1 
LFIX,LPHAS1(20),LBUF(20) ,LCLOCK,NREG,TOR,TXOR,TXNOR,TAND, 
2 
LPHASA,LPHASB 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXNOR 
COMMON /PGE/ IPAGE(80,200) 
DATA L/'L'/,H/'H'/,X/'X'/,Z/'Z'/ 
C 
GET OUTPUT PIN AN 
(WHERE N=0,1,2,3) 
CALL GETSYM(LBUF,IBUF,I,ICl,ILl,LFIX) 
CALL MATCH(IINP,IBUF,ISYMl) 
ITESTA=IVECT(IINP) 
LPHASA = 
« 
LBUF(I» .AND. ( 
LPHASl(IINP» 
•OR. 
1 
(.NOT.LBUF(l».AND.(.NOT.LPHASl(IINP» 
C 
GET FEED BACK VALUES 
IF( (.NOT.LCLOCK) •OR. (NREG) ) GO TO 5 
CALL MATCH(IIFB,IBUF,ISYM) 
IF( IIFB.EQ.14.0R.IIFB.EQ.15.0R.IIFB.EQ.16.0R.IIFB.EQ.17 
1 
ITESTA=IVECTP(IINP) 
5 IF( (.NOT.LPHASA).AND.ITESTA.EQ.L 
GO TO 10 
IF( (.NOT.LPHASA).AND.ITESTA.EQ.H 
GO TO 15 
GO TO 20 
10 ITESTA=H 
GO TO 20 
15 ITESTA=L 
20 IF( .NOT.LRIGHT ) GO TO 25 
ITEST=ITESTA 
RETURN 
C 
SAVE THE FIXED SYMBOL OPERATORS 
25 TOR 
(LOR.AND. (.NOT.LXOR» 
TXOR 
(LXOR) 
TXNOR 
(LXNOR) 
TAND 
(LAND.AND. (.NOT.LXNOR» 
C 
GET INPUT BN (WHERE N=0,1,2,3) 
CALL GETSYM(LBUF,IBUF,I,ICl,ILl,LFIX) 
CALL MATCH(IINP,IBUF,ISYMl) 
ITESTB=IVECT(IINP) 
LPHASB = 
« 
LBUF(I».AND. 
( 
LPHASl(IINP» 
•OR. 
1 
(.NOT.LBUF(I».AND.(.NOT.LPHASl(IINP» 
IF( (.NOT.LPHASB).AND.ITESTB.EQ.L 
) GO TO 30 
IF( (.NOT.LPHASB).AND.ITESTB.EQ.H 
) GO TO 35 
GO TO 40 
30 lTESTB=H 
GO TO 40 


40 lTEST=L 
IF( 
(TOR).AND. (ITESTA.EQ.H.OR. 
lTESTB.EQ.H) 
) 
IF( 
(TXOR).AND.«ITESTA.EQ.H.AND.lTESTB.NE.H).OR. 
1 
(ITESTA.NE.H.AND.lTESTB.EQ.H) 
» 
IF( 
(TXNOR).AND.«ITESTA.EQ.lTESTB).OR. 
1 
(ITESTA.EQ.X.OR.lTESTB.EQ.X) 
» 
IF( 
(TAND).AND. (ITESTA.NE.L.AND.lTESTB.NE.L) 
) 
IF( 
(ITESTA.EQ.X.OR.lTESTA.EQ.Z).AND. 
(ITESTB.EQ.X) 
RETURN 
END 


lTEST=H 
lTEST=H 
lTEST=X 


C**PALASM24**PALASM24**PALASM24**PALASM24**PALASM24**PALASM24**PALASM24* 
C 
CPA 
LAS 
M 
2 
4 


C 
C 
C 
C 
C 
C 
C 
C 
C 


C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 


C 
C 
C 
C 
C 
C 
C 
C 


C 


TRANSLATES 
SYMBOLIC 
EQUATIONS 
INTO 
PAL 
OBJECT 


CODE 
FORMATTED 
FOR 
DIRECT 
INPUT 
TO 
STANDARD 


PROM 
PROGRAMMERS. 


PAL 
DESIGN 
SPECIFICATION 
ASSIGNED 


TO 
RPD (1). 
OPERATION 
CODES 
ARE 


ASSIGNED 
TO 
ROP(S). 


ECHO, 
SIMULATION, 
AND FUSE 
PATTERN 


ARE 
ASSIGNED 
TO 
POF(6). 
HEX 
AND 


BINARY 
PROGRAMMING 
FORMATS 
ARE 


ASSIGNED 
TO 
PDF(6). 
PROMPTS 
AND 


ERROR 
MESSAGES 
ARE 
ASSIGNED 
TO 


PMS(6) 
• 


PART 
NUMBER: 
THE 
PAL 
PART 
NUMBER MUST 


APPEAR 
IN 
COLUMN ONE 
OF 
LINE 
ONE 


FUNCTION 
TABLE: 


24 
SYMBOLIC 
PIN 
NAMES 
MUST 
APPEAR 


STARTING 
ON LINE 
S 


STARTING 
FIRST 
LINE 
AFTER 
THE 
PIN 
LIST 
IN 
THE 
FOLLOWING 
FORMS: 


ALL 
CHARACTERS 
FOLLOWING 
';' 
IGNORED 
UNTIL 
THE 
NEXT 
LINE 


COMMENT FOLLOWS 
COMPLEMENT 
AND, 
PRODUCT 


OR, 
SUM 
EXCLUSIVE 
OR 
CONDITIONAL 
THREE 
STATE 


EQUALITY 
REPLACED 
BY 
(AFTER 
CLOCK) 


L,H,X,Z,C 
ARE 
VALID 
FUNCTION 
TABLE 
VECTOR 
ENTRIES 


SUBROUTINES: 
INITLZ,GETSYM,INCR,MATCH,IXLATE, 
ECHO, PINOUT, 
PLOT, 
HEX, TWEEK,BINR, 


C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 


C 
C 
C 
C*********************************************************************** 


FINE PRINT: 
KlNOLITHIC 
MEMORIES 
TAKES 
NO 
RESPONSIBILITY 
FOR THE OPERATION 
OR MAINTENANCE 
OF THIS PROGRAM. 
THE SOURCE CODE AS PRINTED 
HERE 
PRODUCED 
THE OBJECT 
CODE OF THE 
EXAMPLES 
IN THE APPLICATIONS 
SECTION 
ON A VAX/VMS 
COMPUTER 
AND A NATIONAL 
CSS 
IBM SYSTEM/370 
FORTRAN 
IV(G). 


C 
C 
C*********************************************************************** 
C 
C 
C 
MAIN 
PROGRAM 
C 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
IPAL(3),INAME(5),REST(72) 
,PATNUM(80) ,TITLE(80) ,COMP(80), 
1 
ISYM(8,24),IBUF(8,24) ,JPROD(80) 
LOGICAL 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LFIRST, 
1 
LMATCH,LFUSES(40,80) ,LPHASE(24),LBUF(24) ,LPROD(80), 
2 
LSAME,LACT,LOPERR,LHEAD 
COMMON 
LBLANK,LLEFT, LAND, LOR,LSLASH, LEQUAL, LRIGHT, LXOR 
COMMON 
/PGE/ 
IPAGE(80,200) 
COMMON 
/FTEST/ 
IFUNCT,IDESC,IEND 
COMMON 
/LUNIT/ 
PMS,POF,PDF 
DATA E/'E'/,O/'O'/,T/'T'/,P/'P'/,B/'B'/,D/'D'/,H/'H'/,S/'S'/, 
1 
L/'L'/,N/'N'/,Q/'Q'/,U/'U'/,F/'F'/ 
DATA BB/'B'/,CC/'C'/,DD/'D'/,EE/'E'/,FF/'F'/,II/'I'/,NN/'N'/, 


1 
OO/'O'/,PP/'P'/,RR/'R'/,SS/'S'/,TT/'T'/,UU/'U'/ 


C 
C 
C 
ASSIGNMENT 
OF DATA SET REFERENCES 


C 
RPD - PAL DESIGN 
SPECIFICATION 
(INPUT) 
C 
ROC - OPERATION 
CODE 
(INPUT) 
C 
POF - ECHO, 
PINOUT, 
TEST, AND PLOT 
(OUTPUT) 


C 
PDF - HEX AND BINARY 
FORMAT 
PROGRAM 
TAPES 
(OUTPUT) 


C 
PMS - PROMPTS 
AND ERROR MESSAGES 
(OUTPUT) 
RPD=l 
ROC=5 
POF=6 
PDF=6 
PMS=6 
IFUNCT=O 
IDESC=O 


C 
INITIALIZE 
LSAME AND LACT TO FALSE 
(ACTIVE HIGH/LOW 
ERROR) 
LSAME=. FALSE. 
LACT=. FALSE. 


C 
HEADER WILL 
BE PRINTED 
IF LHEAD 
IS TRUE 
C 
CHANGE 
THIS STATEMENT 
SO LHEAD 
IS FALSE 
IF NO HEADER 
IS DESIRED 
LHEAD=. FALSE. 
C 
READ 
IN FIRST 4 LINES OF PAL DESIGN 
SPECIFICATION 
READ (RPD,10) IPAL,INAME,REST,PATNUM,TITLE,COMP 
10 FORMAT(3Al,5Al,72Al,/,80Al,/,80Al,/,80Al) 
C 
READ 
IN PIN LIST 
(LINE 5) THROUGH 
THE END OF THE PAL DESIGN 
C 
SPECIFICATION 
00 15 J=1,200 
READ(RPD,11,END=16) 
(IPAGE(I,J),I=1,80) 
11 
FORMAT (80Al) 
C 
CHECK 
FOR 
'FUNCTION TABLE' AND SAVE 
ITS LINE NUMBER 
IF( 
IFUNCT.EQ.O 
.AND.IPAGE(l,J).EQ.FF.AND. 
1 
IPAGE(2,J).EQ.UU.AND.IPAGE(3,J).EQ.NN.AND. 
2 
IPAGE(4,J).EQ.CC.AND.IPAGE(5,J).EQ.TT.AND. 
3 
IPAGE(6,J).EQ.II.AND.IPAGE(7,J).EQ.OO.AND. 
4 
IPAGE(8,J).EQ.NN.AND.IPAGE(10,J).EQ.TT.AND. 
5 
IPAGE(12,J).EQ.BB.AND.IPAGE(14,J) 
.EQ.EE) 
IFUNCT=J 
C 
CHECK 
FOR 
'DESCRIPTION' 
AND SAVE 
ITS LINE NUMBER 
IF( 
IDESC.EQ.O 
.AND.IPAGE(l,J).EQ.DD.AND. 
1 
IPAGE(2,J).EQ.EE.AND.IPAGE(3,J) 
.EQ.SS.AND. 
2 
IPAGE(4,J).EQ.CC.AND.IPAGE(5,J).EQ.RR.AND. 
3 
IPAGE(6,J).EQ.II.AND.IPAGE(7,J).EQ.PP.AND. 
4 
IPAGE(8,J).EQ.TT.AND.IPAGE(9,J).EQ.II.AND. 
5 
IPAGE(10,J).EQ.OO.AND.IPAGE(11,J).EQ.NN) 
IDESC=J 
15 CONTINUE 
C 
SAVE THE LAST LINE NUMBER 
OF THE PAL DESIGN 
SPECIFICATION 
16 IEND=J-1 
CALL 
INITLZ(INAME,ITYPE,LFUSES,IC,IL,IBLOW) 
C 
PRINT ERROR MESSAGE 
FOR INVALID PAL PART TYPE 
IF(ITYPE.NE.O) 
GO TO 17 
WRITE (PMS,18) 
IPAL,INAME 
18 FORMAT(/,' 
PAL PART TYPE' 
,3Al,5Al,' 
IS INCORRECT') 
STOP 
C 
GET 24 PIN NAMES 
17 00 20 J=1,24 
20 
CALL GETSYM(LPHASE,ISYM,J,IC,IL) 
IF(.NOT.(LEQUAL.OR.LLEFT.OR.LAND.OR.LOR.OR.LRIGHT» 
GO TO 24 
WRITE (PMS,23) 
23 
FORMAT(/, 
, LESS THAN 24 PIN NAMES 
IN PIN LIST') 
STOP 
24 lLE=IL 
25 CALL GETSYM(LBUF,IBUF,l,IC,IL) 
28 
IF (.NOT. LEQUAL) GO TO 25 
ILL=IL 
CALL MATCH(IMATCH, IBUF, ISYM) 
IF( lMATCH.EQ.O 
) GO TO 100 
C 
CHECK 
FOR VALID 
POLARITY 
(ACTIVE LOW) 
LSAME 
= 
« 
LPHASE(IMATCH».AND. 
( 
LBUF(l» 
.OR. 
1 
(.NOT.LPHASE(IMATCH» 
•AND. (.NOT.LBUF(l» 
IF( ITYPE.NE.6.AND. (LSAME) ) LACT=.TRUE. 
C 
CHECK 
FOR VALID OUTPUT 
PIN 
29 
IF( 
(ITYPE.EQ.1.0R.ITYPE.EQ.7.0R.ITYPE.EQ.8.0R.ITYPE.EQ.9.0R. 


1 
ITYPE.EQ.I0).AND. (IMATCH.LT.14.0R.lMATCH.GT.23) 
2 
LOPERR=.TRUE. 
IF( 
(ITYPE.EQ.2.0R.ITYPE.EQ.ll.0R.ITYPE.EQ.12.0R.ITYPE.EQ.13 
1 
.OR.ITYPE.EQ.14).AND. (IMATCH.LT.15.0R.lMATCH.GT.22) 
) 
2 
LOPERR=.TRUE. 
IF{ 
ITYPE.EQ.3.AND.(IMATCH.LT.16.0R.lMATCH.GT.21) 
1 
LOPERR=. TRUE. 
IF( 
ITYPE.EQ.4.AND. (IMATCH.LT.17.0R.lMATCH.GT.20) 
1 
LOPERR=.TRUE. 
IF{ 
(ITYPE.EQ.5.0R.ITYPE.EQ.6).AND. 
1 
(IMATCH.LT.18.0R.lMATCH.GT.19) 
) LOPERR=.TRUE. 
IF{ 
(LACT}.OR.(LOPERR) 
} GO TO 100 
188PRO={23-IMATCH}*8 
+ 1 
C 
START 
PAL20C1 
ON PRODUCT 
LINE 33 
IF{INAME{3}.EQ.C} 
188PRO=33 
IC=O 
30 
CALL 
INCR(IC,IL) 
IF{ •NOT. (LEQUAL.OR.LLEFT) 
} GO TO 30 
LPROD(I88PRO)=.TRUE. 
IF(.NOT.LLEFT} 
CALL 
SLIP(LFUSES,I88PRO,ITYPE,IB~ 
DO 70 
18PRO=1,16 
IPROD = 188PRO + 18PRO - 1 
LPROD{IPROD}=.TRUE. 
LFIRST=. TRUE. 
50 
ILL=IL 
CALL GETSYM(LBUF,IBUF,l,IC,IL) 
CALL MATCH {lMATCH, IBUF, ISYM} 
IF{IMATCH.EQ.O} 
GO TO 100 
IF(IMATCH.EQ.12} 
GO TO 64 
IF(.NOT.LFIRST} 
GO TO 58 
LFIRST=.FALSE. 
DO 56 1=1,40 
IBLOW = IBLOW + 1 
56 
LFUSES(I, IPROD}=.TRUE. 
58 
CALL 
IXLATE(IINPUT,LPHASE,IMATCH,LBUF,ITYPE} 
IF(IINPUT.LE.O) 
GO TO 60 
IBLOW = IBLOW - 1 
LFUSES(IINPUT,IPROD}=.FALSE. 
CALL PLOT(LBUF,IBUF,LFUSES,IPROD,TITLE,.FALSE.,ITYPE, 
1 
LPROD, lOP,IBLOW} 
60 
IF (LAND) GO TO 50 
64 
IF(.NOT.LRIGHT) 
GO TO 68 
66 
CALL 
INCR{IC,IL) 
IF(.NOT. LEQUAL) 
GO TO 66 
68 
IF( •NOT. (LOR.OR.LEQUAL) 
) GO TO 74 
70 
CONTINUE 
74 
ILL=IL 
CALL GETSYM(LBUF, IBUF,l, IC,IL} 
IF(LLEFT.OR.LEQUAL) 
GO TO 28 
100 
IF( ILL.EQ.IFUNCT.OR.ILL.EQ.IDESC.OR.ILL.EQ.IEND 
) GO TO 102 
C 
PRINT AN ERROR MESSAGE 
FOR AN UNRECOGNIZABLE 
SYMBOL 
lLERR=ILL+4 
WRITE (PMS,101) 
(IBUF(I,1),I=1,8) ,ILERR,(IPAGE(I,ILL} ,1=1,80) 
101 FORMAT (;,' ERROR SYMBOL 
',8Al, , 
IN LINE NUMBER 
',13, 
1 
I,' 
',80Al) 


C 
PRINT AN ERROR MESSAGE 
FOR ACTIVE 
HIGH/LOW ERRORS 
IF( (LACT).AND. (.NOT.LOPERR) 
) WRlTE(PMS,103) 
IPAL,INAME 
103 FORMAT (, OUTPUT MUST BE INVERTED SINCE' 
,3Al,5Al, 
1 
' IS AN ACTIVE 
LOW DEVICE') 
C 
PRINT AN ERROR MESSAGE 
FOR AN INVALID OUTPUT 
PIN 
IF( (LOPERR) .AND.lMATCH.NE.O 
) WRlTE(PMS,105) 
lMATCH,IPAL,INAME 
105 FORMAT(' 
THIS PIN, NUMBER 
',12,' IS AN INVALID OUTPUT 
PIN', 
1 
' FOR 
',3Al,5Al) 
STOP 
102 CALL TWEEK (ITYPE,LFUSES) 
C 
PRINT OPTIONAL 
HEADER 
IF(LHEAD) WRITE (PMS,104) 
104 FORMAT(/,' 
THIS PALASM AIDS THE USER IN THE DESIGN AND' 
1 
• PROGRAMMING 
OF THE',/,' SERIES 24 PAL FAMILY. 
THE' , 
2 
• FOLLOWING 
OPTIONS ARE PROVIDED:', 
3 
//,' 
ECHO 
(E) 
- PRINTS THE PAL DESIGN', 
4 
• SPECIFICATION', 
5 
//,' 
PIN OUT 
(0) 
- PRINTS THE PIN OUT OF THE PAL', 
6 
//, , 
SIMULATE 
(T) - EXERCISES 
THE FUNCTION 
TABLE', 
7 
' VECTORS 
IN THE LOGIC', /, , 
EQUATIONS' , 
8 
' AND GENERATES 
TEST VECTORS', 
9 
//, , 
PLOT 
(P) 
- PRINTS THE ENTIRE FUSE PLOT', 
A 
//, , 
BRIEF 
(B) 
- PRINTS ONLY THE USED PRODUCT 
LINES', 
B 
' OF THE FUSE PLOT',/, , 
PHANTOM 
FUSES', 
C 
' ARE OMITTED', 
o 
/ /, • 
DATA I/O (D) - GENERATES 
FUSE OUTPUT FOR DATA I/O', 
E 
' PROGRAMMERS', 
F 
//, , 
HEX 
(H) 
- GENERATES 
HEX OUTPUT FOR PAPER TAPE', 
G 
//, , 
SHORT 
(S) 
- GENERATES 
HEX OUTPUT FOR PAPER TAPE', 
H 
// ,, 
BHLF 
(L) 
- GENERATES 
BHLF OUTPUT 
FOR PAPER TAPE', 
H 
//, , 
BNPF 
(N) 
- GENERATES 
BNPF OUTPUT 
FOR PAPER TAPE', 
J 
/ /, , 
QUIT 
(Q) 
- EXIT PALASM') 
108 WRlTE(PMS,106) 
106 FORMAT(/,' 
OPERATION 
CODES:') 
WRlTE(PMS,107) 
107 FORMAT(/,' 
E=ECHO 
INPUT 
O=PIN OUT 
T=SIMULATE 
P=PLOT 
B=BRIEF', 
1 
/,' D=DATA 
I/O 
H=HEX 
S=SHORT 
L=BHLF 
N=BNPF 
Q=QUIT' ) 
WRITE (PMS,llO) 
110 FORMAT(/,' 
ENTER OPERATION 
CODE:') 
READ(ROC,120) 
lOP 
120 FORMAT(Al) 
C 
CALL IODC2 
IF(IOP.EQ.E) 
CALL ECHO(IPAL,lNAME,REST,PATNUM,TlTLE,COMP) 
IF(lOP.EQ.O) 
CALL PINOUT(lPAL,lNAME,TlTLE) 
IF(lOP.EQ.T) 
CALL TEST(LPHASE,LBUF,TlTLE,lC,lL,lLE,lSYM,lBUF, 
1 
lTYPE) 
IF(lOP.EQ.P) 
CALL PLOT(LBUF,lBUF,LFUSES,lPROD,TlTLE,.TRUE.,lTYPE, 
1 
LPROD,lOP,lBLOW) 
IF(lOP.EQ.B) CALL PLOT(LBUF, lBUF,LFUSES, lPROD,TlTLE,. TRUE., lTYPE, 
1 
LPROD, lOP,lBLOW) 
IF(lOP.EQ.D) 
CALL PLOT(LBUF,lBUF,LFUSES,lPROD,TlTLE,.TRUE.,lTYPE, 
1 
LPROD,lOP,lBLOW) 
IF(IOP.EQ.H) CALL HEX(LFUSES,H) 
IF(lOP.EQ.S) 
CALL HEX(LFUSES,S) 
IF(lOP.EQ.L) 
CALL BINR(LFUSES,H,L) 


IF(IOP.EQ.N)CALL BINR(LFUSES,P,N) 
C 
CALL IODC4 
IF(IOP.NE.Q) GO TO 108 
STOP 


END 
C 
C*********************************************************************** 


SUBROUTINE INITLZ(INAME,ITYPE,LFUSES,IC,IL,IBLOW) 
C 
THIS SUBROUTINE INITIALIZIESVARIABLES AND MATCHES PAL PART 
C 
NUMBER WITH ITYPE 
IMPLICIT INTEGER (A-Z) 
INTEGER INAME(5),INFO(6,14) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LFUSES(40,80), 
1 
LMATCH,LXOR 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON /PGE/ IPAGE(80,200) 
DATA INFO/ 
1 
'l','2','L','1','O',1, 
2 
'l','4','L','8','',2, 
3 
'l','6','L','6','',3, 
4 
'l','8','L','4','',4, 
5 
'2','O','L','2','',5, 
6 
'2','O','C','l','',6, 
7 
'2','O','L','l','O',7, 
8 
'2','O','X','l','O',8, 
9 
'2','0','X','8','',9, 
A 
'2','0','X','4','',10, 
B 
'2 ' , '0 ' , 'L' , '8 ' " 
',11, 
C 
'2','O','R','8','',12, 
D 
'2','O','R','6','',13, 
E 
'2','O','R','4','',14/ 
C 
INITIALIZELFUSES ARRAY (FUSE ARRAY) 
00 20 J=1,80 
00 20 I=1,40 
20 
LFUSES(I,J)=.FALSE. 
C 
INITIALIZE IBLOW (NUMBEROF FUSES BLOWN) 
IBLOW=O 
C 
INITIALIZE IC AND IL (COLUMNAND LINE POINTERS) 
IC=O 
IL=l 
C 
INITIALIZE ITYPE (PAL PART TYPE) 
ITYPE=0 
C 
ITYPE IS ASSIGNED THE FOLLOWING VALUES FOR THESE PAL TYPES: 
C 
PAL12LlO 
1 
PAL14LS 
2 
PALl6L6 
3 
PALl8L4 
4 
C 
PAL20L2 
5 
PAL20Cl 
6 
PAL20LlO 
7 
PAL20XlO 
8 
C 
PAL20X8 
9 
PAL20X4 
10 
PAL20LS 
11 
PAL20RS 
12 
C 
PAL20R6 
12 
PAL20R4 
14 
00 40 J=l,14 
LMATCH=.TRUE. 
00 30 I=1,4 
30 
IF(INAME(I).NE.INFO(I,J»LMATCH"".FALSE. 
IF(LMATCH) ITYPE=INFO(6,J) 
IF (LMATCH)GO TO 50 
40 CONTINUE 


RETURN 
END 
C 
C*********************************************************************** 


C 
SUBROUTINE 
GETSYM(LPHASE,ISYM,J,IC,IL) 
C 
THIS SUBROUTINE 
GETS THE PIN NAME, / IF COMPLEMENT 
LOGIC, 
AND 
C 
THE FOLLOWING 
OPERATION 
SYMBOL 
IF ANY 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
ISYM(8,24) 
LOGICAL 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LPHASE(24) 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON 
/PGE/ 
IPAGE(80,200) 
DATA 
IBLANK/' 
'/ 
IF ( •NOT. (LLEFT.OR.LAND.OR.LOR.OR.LEQUAL. OR. LRIGHT) 
GO TO 10 
CALL 
INCR(IC,IL) 
10 LPHASE (J)= (•~T. LSLASH) 
IF (LPHASE (J)) GO TO 15 
CALL 
INCR( IC,IL) 
15 00 20 1=1,8 
20 
ISYM(I,J)=IBLANK 
25 00 30 1=1,7 
30 
ISYM(I,J)=ISYM(I+1,J) 
ISYM(8,J) =IPAGE (IC,IL) 
CALL 
INCR(IC,IL) 
IF ( LLEFT. OR.LBLANK. OR.LAND.OR.LOR.OR. LRIGHT. OR. LEQUAL 
) RETURN 
GO TO 25 
END 


C********************************************************************** 
C 
SUBROUTINE 
INCR(IC,IL) 
C 
THIS SUBROUTINE 
INCREMENTS 
COLUMN 
AND LINE POINTERS 
C 
BLANKS AND CHARACTERS 
AFTER 
';' ARE IGNORED 
IMPLICIT 
INTEGER 
(A-Z) 
LOGICAL 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR,LXORl 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON 
/pGE/ 
IPAGE(80,200) 
COMMON 
/LUNIT/ 
PMS,POF,PDF 
DATA IBLANK/' 
'/,ILEFT/'('/,IAND/'*'/,IOR/'+'/,COMENT/';'/, 
1 
ISLASH/'/'/,IEQUAL/'='/,IRIGHT/') 
'/,ICOLON/':'/ 
LBLANK=. FALSE. 
LXOR=.FALSE. 
LXORl=. FALSE. 
10 IC=IC+1 
IF( IC.LE.79.AND.IPAGE(IC,IL).NE.COMENT 
) GO TO 30 
IL=IL+1 
IF(IL.LE.200) 
GO TO 20 
WRITE (PMS,15) 
15 
FORMAT(/,' 
SOURCE FILE EXCEEDS 
200 LINES') 
STOP 
20 
IC=O 
GO TO 10 


30 IF(IPAGE(IC,IL).NE.IBLANK) 
GO TO 31 
LBLANK=.TRUE. 
GO TO 10 
31 IF(IPAGE(IC,IL).NE.ICOLON) 
GO TO 32 
IF (LXOR) GO TO 33 
LXORl=. TRUE. 
GO TO 10 
33 LOR=. TRUE. 
RETURN 
32 IF( •NOT. (IPAGE(IC,IL).EQ.IOR.AND.(LXORl» 
) GO TO 34 
LXOR=. TRUE. 
GO TO 10 
34 LLEFT =(IPAGE(IC,IL).EQ.ILEFT) 
LAND 
=(IPAGE(IC,IL).EQ.IAND) 
LOR 
=(IPAGE(IC,IL).EQ.IOR) 
LSLASH=(IPAGE(IC,IL).EQ.ISLASH) 
LEQUAL=(IPAGE(IC,IL).EQ.IEQUAL) 
LRIGHT=(IPAGE(IC,IL).EQ.IRIGHT) 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE 
MATCH (IMATCH,IBUF,ISYM) 
C 
THIS SUBROUTINE 
FINDS A MATCH BETWEEN 
THE PIN NAME 
IN THE EQUATION 
C 
AND THE PIN NAME 
IN THE PIN LIST OR FUNCTION 
TABLE PIN LIST 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER IBUF(8,24),ISYM(8,24) 
LOGICAL LMATCH 
IMATCH=O 
00 20 J=1,24 
LMATCH=. TRUE. 
00 10 I=1,8 
10 
LMATCH=LMATCH.AND.(IBUF(I,l).EQ.ISYM(I,J» 
IF(LMATCH) IMATCH=J 
20 
CONTINUE 
RETURN 
END 
C 
C*********************************************************************** 


SUBROUTINE 
IXLATE (IINPUT,LPHASE, IMATCH, LBUF, ITYPE) 
C 
THIS SUBROUTINE 
FINDS A MATCH BETWEEN 
INPUT PIN NUMBER AND 
C 
THE INPUT LINE NUMBER FOR A SPECIFIC 
PAL. 
ADD 1 TO THE INPUT 
C 
LINE NUMBER 
IF THE PIN IS A COMPLEMENT 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER ITABLE(24,14) 
LOGICAL LPHASE(24),LBUF(24) 
DATA 
ITABLEI 
1 3,1,5,9,13,17,21,25,29,33,37,0,39, 
0, 0, 0, 0, 0, 0, 0, 0, 0,0,0, 
2 3,1,5,9,13,17,21,25,29,33,37,0,39,35, 
0, 0, 0, 0, 0, 0, 0, 0,7,0, 
3 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31, 
0, 0, 0, 0, 0, 0,11,7,0, 
4 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31,27, 
0, 0, 0, 0,15,11,7,0, 
5 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31,27,23, 
0, 0,19,15,11,7,0, 
6 3,1,5,9,13,17,21,25,29,33,37,0,39,35,31,27,23, 
0, 0,19,15,11,7,0, 


7 3,1,5,9,13,17,21,25,29,33,37,0,39, 
0,35,31,27,23,19,15,11, 
7,0,0, 
8 0,1,5,9,13,17,21,25,29,33,37,0, 
0,39,35,31,27,23,19,15,11, 
7,3,0, 
9 0,1,5,9,13,17,21,25,29,33,37,0, 
0,39,35,31,27,23,19,15,11, 
7,3,0, 
A 0,1,5,9,13,17,21,25,29,33,37,0, 
0,39,35,31,27,23,19,15,11, 
7,3,0, 
B 3,1,5,9,13,17,21,25,29,33,37,0,39,35, 
0,31,27,23,19,15,11, 
0,7,0, 
C 0,1,5,9,13,17,21,25,29,33,37,0, 
0,39,35,31,27,23,19,15,11, 
7,3,0, 
D 0,1,5,9,13,17,21,25,29,33,37,0, 
0,39,35,31,27,23,19,15,11, 
7,3,0, 
E 0,1,5,9,13,17,21,25,29,33,37,0, 
0,39,35,31,27,23,19,15,11, 
7,3,0/ 
IBUBL=O 
IF( « 
LPHASE(IMATCH» 
•AND. (.NOT.LBUF(l») .OR. 
1 
«.NOT.LPHASE(IMATCH».AND. 
( 
LBUF(l»» 
IBUBL=l 
IINPUT=ITABLE(IMATCH,ITYPE)+IBUBL 
RETURN 
END 
C 
C*********************************************************************** 


SUBROUTINE ECHO(IPAL,INAME,REST,PATNUM,TITLE,COMP) 
C 
THIS SUBROUTINE PRINTS THE PAL DESIGN SPECIFICATION 
INPUT FILE 
IMPLICIT INTEGER (A-Z) 
INTEGER IPAL(3),INAME(S) ,REST(72),PATNUM(80) ,TITLE(80),COMP(80) 
COMMON /PGE/ IPAGE(80,200) 
COMMON /LUNIT/ PMS,POF,PDF 
COMMON /FTEST/ IFUNCT,IDESC,IEND 
WRlTE(POF,10) 
IPAL,INAME,REST,PATNUM,TITLE,COMP 
10 FORMAT(/,' 
',3Al,SAl,72Al,/,' ',80Al,/,' ',80Al,/,' ',80Al) 
00 30 J=l,lEND 
WRlTE(POF,20) 
(IPAGE(I,J),1=1,80) 
20 
FORMAT(' 
',80Al) 
30 CONTINUE 
ETURN 
END 
C 
C*********************************************************************** 


SUBROUTINE PINOUT(IPAL,INAME,TITLE) 
C 
THIS SUBROUTINE PRINTS THE PIN OUT OF THE PAL 
IMPLICIT INTEGER (A-Z) 
INTEGER IPAL(3),INAME(S),TITLE(80) ,PIN(8,24),IIN(8,2) 
COMMON /PGE/ IPAGE(80,200) 
COMMON /LUNIT/ PMS,POF,PDF 
DATA IBLANK/' '/,ISTAR/'*'/ 
00 10 J=1,24 
00 5 1=1,8 
5 
PIN(I,J)=IBLANK 
10 CONTINUE 
15 00 25 J=1,2 
00 2(}1=1,8 
20 
IIN(I,J)=IBLANK 
25 CONTINUE 
IIN(2,1)=IPAL(1) 
IIN(4,1)=IPAL(2) 
IIN(6,1)=IPAL(3) 
IIN(1,2)=INAME(1) 
IIN(3,2)=INAME (2) 


IIN(5,2)=INAME(3) 
IIN(7,2)=INAME(4) 
IIN(8,2)=INAME(5) 
J=O 
IL=O 
30 
IC=O 
IL=IL+1 
35 IC=IC+1 
40 IF( IC.GT.80 ) GO TO 30 
IF( IPAGE(IC,IL).EQ.IBLANK ) GO TO 35 
J=J+1 
IF(J.GT.24) GO TO 60 
DO 55 I=1,8 
PIN(I,J)=IPAGE(IC,IL) 
IC=IC+1 
IF( IC.GT.80 ) GO TO 40 
IF( IPAGE(IC,IL).EQ.IBLANK ) GO TO 40 
55 
CONTINUE 
60 DO 75 J=1,12 
II=O 
65 
II=II+1 
IF(II.EQ.9) GO TO 75 
IF( PIN(II,J).NE.IBLANK ) GO TO 65 
I=9 
70 
I=I-1 
II=II-1 
PIN(I,J)=PIN(II,J) 
PIN(II,J)=IBLANK 
IF(II.NE.1) GO TO 70 
75 CONTINUE 
WRITE (POF,76) TITLE 
76 FORMAT(/,' 
',80Al) 
WRITE (POF,78) ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR, 
1 
ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR, 
2 
ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR, 
3 
ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
78 FORMAT (I,, ',14X,14A1,3X,14Al, 
1 
I,' 
',14X,Al,13X,Al,lx,Al,13x,Al) 
JJ=24 
DO 88 J=1,12 
WRITE (POF,80) ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
80 
FORMAT(' 
',11X,4Al,29x,4Al) 
WRITE(POF,81) 
(PIN(I,J),I=1,8),ISTAR,J,ISTAR, 
1 
(IIN(I,1),I=1,8),ISTAR,JJ,ISTAR, (PIN(I,JJ),I=1,8) 
81 
FORMAT(' 
',8Al,3X,Al,I2,Al,11X,8Al,10X,Al,I2,Al,3X,8Al) 
WRITE (POF,82) ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
82 
FORMAT(' 
',11X,4Al,29X,4Al) 
WRITE (POF,84) ISTAR,(IIN(I,2),I=1,8) ,ISTAR 
84 
FORMAT(' 
',14X,Al,11X,8Al,10X,Al) 
DO 86 II=1,2 
DO 85 I=1,8 
85 
IIN(I,II)=IBLANK 
86 
CONTINUE 
JJ=JJ-1 
88 CONTINUE 


3 
90 FORMAT (, 
RETURN 
END 


ISTAR,ISTAR, ISTAR,ISTAR,ISTAR,ISTAR,ISTAR 
,,14X,31Al) 


C 
C*********************************************************************** 


C 
SUBROUTINE PLOT (LBUF,IBUF,LFUSES, IPROD,TITLE,LDUMP,ITYPE,LPROD, 
1 
IOP,IBLO~ 
C 
THIS SUBROUTINE PRODUCES THE FUSE PLOT 
IMPLICIT INTEGER (A-Z) 
INTEGER IBUF(8,24),IOUT(64),ISAVE(80,40),TITLE(80) ,IDATA(40) 
LOGICAL LBUF(24),LFUSES(40,80),LDUMP,LPROD(80) 
COMMON /LUNIT/ PMS,POF,PDF 
DATA ISAVE/3200*' 
'/,IAND/'*'/,IOR/'+'/,ISLASH/'/'/, 
1 
IDASH/'-'/,X/'X'/,IBLANK/' 
'/,P/'P'/,B/'B'/, 
2 
D/'D'/,ZERO/'O'/,ONE/'l'/,FX/'O'/,FIDASH/'O'/, 
3 
STX/Z02000000/,ETX/Z03000000/ 
IF(LDUMP) GO TO 58 
IF(ISAVE(IPROD,l).NE.IBLANK) 
RETURN 
IF(LBUF(l» 
GO TO 5 
DO 30 J=1,39 
30 
ISAVE(IPROD,J)=ISAVE(IPROD,J+l) 
ISAVE(IPROD,40)=ISLASH 
5 DO 20 I=1,8 
IF( ISAVE(IPROD,l).NE.IBLANK) 
RETURN 
IF( IBUF(I,l).EQ.IBLANK 
) GO TO 20 
DO 10 J=1,39 
10 
ISAVE(IPROD,J)=ISAVE(IPROD,J+l) 
ISAVE(IPROD,40)=IBUF(I,1) 
20 
CONTINUE 
IF(ISAVE(IPROD,l).NE.IBLANK) 
RETURN 
40 DO 50 J=1,39 
50 
ISAVE(IPROD,J)=ISAVE(IPROD,J+l) 
ISAVE(IPROD,40) =lAND 
RETURN 
C 
PRINT FUSE PLOT 
58 IF(IOP.EQ.D) GO TO 62 
WRITE(POF,61) 
TITLE 
61 FORMAT(/,' 
',80Al,//, 
1 ' 
11 1111 1111 2222 2222 2233 3333 3333',/, 
2' 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789',/) 
GO TO 64 
C 
STX DETERMINES THE STARTING CHARACTER FOR DATA I/O FORMAT 
62 WRITE(PDF,63) 
STX 
63 FORMAT (, ',Al,'*LOOOO'/) 
64 DO 100 188PRO=1,73,8 
DO 94 I8PRO=1,8 
IPROD=I88PRO+I8PRO-l 
ISAVE(IPROD,40)=IBLANK 
DO 70 I=1,40 
IF( ISAVE(IPROD,l) .NE.IBLANK ) GO TO 70 


DO 65 J=1,39 
ISAVE(IPROD,J)=ISAVE(IPROD,J+1) 
ISAVE(IPROD,40)=IBLANK 
CONTINUE 
DO 75 1=1,24 
IOUT(I+40)=ISAVE(IPROD,I) 
CONTINUE 
IF( ISAVE(IPROD,25).NE.IBLANK 
) IOUT(64)=IDASH 
DO 80 1=1,40 
IOUT(I) =X 
IF(LFUSES(I,IPROD» 
IOUT(I)=IDASH 
CONTINUE 
CALL FANTOM(ITYPE, IOP,IOUT, IPROD, I8PRO) 
IF(IOP.NE.D) 
GO TO 85 
K=O 
DO 82 1=1,40 
IF«IOUT(I).EQ.FX).OR.(IOUT(I).EQ.FIDASH» 
GO TO 82 
K=K+1 
IF(IOUT(I).EQ.X) 
IDATA(K)=ZERO 
IF(IOUT(I).EQ.IDASH) 
IDATA(K)=ONE 
CONTINUE 
DO 83 1=1,40 
IF( (IOUT(I).EQ.X).OR.(IOUT(I).EQ.IDASH) 
) GO TO 86 
CONTINUE 
GO TO 94 
WRITE (PDF,84) IDATA 
FORMAT (, ',40(Al,' 
'» 
GO TO 94 
IPROD=IPROD-1 
IF( (IOP.EQ.P).OR.(IOP.EQ.B.AND.(LPROD(IPROD+1») 
WRITE (POF,90) IPROD,IOUT 
FORMAT(' 
',12,10(' 
',4Al),' 
',24Al) 
CONTINUE 
WRITE (POF,96) 
FORMAT (lX) 
CONTINUE 
IF(IOP.NE.D) 
GO TO 105 
WRITE (PDF,101) ETX 
101 FORMAT (, ',Al) 
RETURN 
105 WRITE (POF,110) 
110 FORMAT (/, 
l' LEGEND: 
X: 
FUSE NOT BLOWN 
(L,N,O) 
IF(IOP.EQ.P) 
WRITE (POF,lll) 
111 FORMAT( 
l' 
0 : PHANTOM 
FUSE 
WRITE (POF,112) 
IBLOW 
112 FORMAT(/,' 
NUMBER 
OF FUSES BLOW = 
',14) 
WRITE (POF,113) 
113 FORMAT (//) 
RETURN 
END 


96 
100 


1 
90 
94 


C 
C*********************************************************************** 
C 


SUBROUTINE 
HEX(LFUSES,IOP) 
C 
THIS SUBROUTINE 
GENERATES 
HEX PROGRAMMING 
FORMATS 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
lTEMP(aO), ITABLE (32) 
LOGICAL 
LFUSES(40,aO) 
COMMON 
/LUNIT/PMS,POF,PDF 
DATA STX/Z02000000/,BEL/Z2FOOOOOO/,SOH/Z01000000/, 
1 
H/'H'/,S/'S'/, 
2 
ITABLE/ '00','01','02','03','04','OS','06','07', 
3 
'oa', '09','OA', 'OB', 'OC', '00', 'OE', 'OF', 
4 
'10','11','12','13','14','15', '16','17', 
5 
'la','19', 'lA', 'lB', 'lC', '10', 'lE', 'IF'/ 
IF(IOP.EQ.H) 
WRITE (PDF,10) 
10 FORMAT(//,aO(' 
'),//) 
c***** 
NOTE: 
SOME PROM PROGRAMMERS 
NEED A START CHARACTER. 
c***** 
THIS PROGRAM 
OUTPUTS 
AN STX FOR THE DATA 
I/O MODEL 
9 
c***** 
(USE SOH FOR MODEL 
5) 
WRlTE(PDF,5) 
BEL,BEL,BEL,BEL,BEL, BEL,BEL, STX,SOH 
5 FORMAT (9Al) 
00 40 I=l,41,40 
INC=I-1 
00 40 IPROD=1,7,2 
00 20 J=1,2 
00 20 IINPUT=1,40 
IHEX=O 
IF (LFUSES (IINPUT, IPROD + J-1 + O+INC» 
lHEX=IHEX+1 
IF (LFUSES (IINPUT, IPROD + J-1 + a+INC» 
lHEX=IHEX+2 
IF(LFUSES (IINPUT, IPROD + J-1 +16+INC» 
IHEX=IHEX+4 
IF(LFUSES (IINPUT, IPROD + J-1 +24+INC» 
lHEX=IHEx+a 
IF(LFUSES (IINPUT, IPROD + J-1 +32+INC» 
lHEX=IHEX+16 
20 
lTEMP(IINPUT 
+ 40*(J-1) 
)=ITABLE(IHEX+1) 
IF(IOP.EQ.H) 
WRlTE(PDF,60) 
lTEMP 
60 
FORMAT(4(' 
',20(A2,' '),'.',/» 
40 
IF(IOP.EQ.S) 
WRITE (PDF,61) 
ITEMP 
61 
FORMAT(4(' 
',20A2,'.',/» 
IF(IOP.EQ.H) 
WRITE(PDF,70) 
70 FORMAT(//,aO(' 
'),//) 
RETURN 
END 
C 
c*********************************************************************** 
C 
BLOCK DATA 
IMPLICIT 
INTEGER 
(A-Z) 
COMMON 
/BLK/ PRaXlO(10,14),PRODa(a,11),PRODLN(40,7) 
DATA PRaX10/ 
1 
4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 
2 
3, 6, 5, 5, 5, 5, 5, 5, 6, 3, 
3 
3, 3, 7, 7, a, a, 7, 7, 3, 3, 
4 
3, 3, 3, 9,10,10, 
9, 3, 3, 3, 
5 
3, 3, 3, 3, 1, 1, 3, 3, 3, 3, 
6 
2, 2, 2, 2, 1, 1, 3, 3, 3, 3, 
7 
11,11,11,11,11,11,11,11,11,11, 
a 
11,11,11,11,11,11,11,11,11,11, 
9 
11,11,11,11,11,11,11,11,11,11, 


A 
11,11,11,11,11,11,11,11,11,11, 
B 
3, 1, 1, 1, 1, 1, 1, 1, 1, 3, 
C 
3, 1, 1, 1, 1, 1, 1, 1, 1, 3, 
D 
3, 1, 1, 1, 1, 1, 1, 1, 1, 3, 
E 
3, 1, 1, 1, 1, 1, 1, 1, 1, 3/ 
DATA PROD8/ 
1 
1,1,1,1,1,1,1,1, 
2 
2,2,2,2,2,2,2,2, 
3 
3,3,3,3,3,3,3,3, 
4 
4,4,3,3,3,3,3,3, 
5 
5,5,3,3,3,3,3,3, 
6 
5,5,5,5,3,3,3,3, 
7 
6,6,6,6,3,3,3,3, 
8 
6,6,3,3,3,3,3,3, 
9 
7,7,7,7,7,7,3,3, 
A 
7,7,7,7,3,3,3,3, 
B 
1,1,1,1,3,3,3,3/ 
DATA PRODLN/ 
1 
40*lHX, 
2 
40*lHP, 
3 
40*lHN, 
4 
6*lHX,2*lHP,2*lHX,2*lHP,2*lHX,2*lHP,2*lHX, 
4 
2*lHP,2*lHX,2*lHP,2*lHX,2*lHP,2*lHX,2*lHP, 
4 
2*lHX,2*lHP,4*lHX, 
5 
10*lHX,2*lHP,2*lHX,2*lHP,2*lHX,2*lHP,2*lHX, 
5 
2*lHP,2*lHX,2*lHP,2*lHX,2*lHP,8*lHX, 
6 
14*lHX,2*lHP,2*lHX,2*lHP,2*lHX,2*lHP,2*lHX, 
6 
2*lHP,12*lHX, 
7 
18*lHX,2*lHP,2*lHX,2*lHP,16*lHX/ 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE TWEEK(ITYPE,LFUSES) 
C 
THIS SUBROUTINE TWEEKS LFUSES (THE PROGRAMMINGFUSE PLOT) 
C 
FOR HIGH AND LOW PHANTOM FUSES 
IMPLICIT INTEGER (A-Z) 
LOGICAL LFUSES(40,80),LBLANK,LLEFT,LAND,LOR,LSLASH, 
1 
LEQUAL,LRIGHT,LXOR 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON /BLK/ PR8XlO(10,14),PROD8(8,11),PRODLN(40,7) 
DATA P/'P'/,N/'N'/ 
FUSPTR=l 
DO 30 OUTPUT=1,10 
GRTYPE=PRaXlO(OUTPUT,ITYPE) 
DO 30 PRLlNE=l,8 
LNTYPE=PROD8(PRLINE,GRTYPE) 
DO 20 COL=1,40 
IF(PRODLN(COL,LNTYPE).EQ.P) 
1 
LFUSES(COL,FUSPTR)=.TRUE. 
IF(PRODLN(COL,LNTYPE).EQ.N) 
1 
LFUSES(COL,FUSPTR)=.FALSE. 
20 
CONTINUE 
FUSPTR=FUSPTR+1 
30 CONTINUE 


c*********************************************************************** 
C 
SUBROUTINE 
BINR (LFUSES,a,L) 


C 
THIS SUBROUTINE 
GENERATES 
BINARY 
PROGRAMMING 
FORMATS 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
ITEMP(5,10) 
LOGICAL 
LFUSES(40,80) 
COMMON 
/LUNIT/ 
PMS,POF,PDF 
WRITE(PDF,10) 


10 FORMAT (//, , 
• I , / /) 
DO 20 1=1,41,40 
INC=I-1 
DO 20 IPROD=1,8 
DO 20 J=1,49,10 
DO 15 K=1,10 
IINPUT=J+K-1 
ITEMP(l,K)=L 
ITEMP(2,K)=L 
ITEMP(3,K)=L 
ITEMP(4,K)=L 
ITEMP(5,K)=L 
IF(LFUSES(IINPUT,IPROD+ 
O+INC» 
ITEMP(5,K)-a 
IF(LFUSES(IINPUT,IPROD+10+INC» 
ITEMP(4,K)=a 
IF(LFUSES(IINPUT,IPROD+20+INC» 
ITEMP(3,K)=a 
IF(LFUSES(IINPUT,IPROD+30+INC» 
ITEMP(2,K)=a 
IF(LFUSES(IINPUT,IPROD+40+INC» 
ITEMP(l,K)=a 


15 
CONTINUE 


20 
WRITE (PDF,30) 
ITEMP 


30 
FORMAT(' 
',10('B',5Al,'F 
'» 


WRITE (PDF,10) 
RETURN 
END 


C 
c*********************************************************************** 
C 


SUBROUTINE 
SLIP(LFUSES,I88PRO,ITYPE,IBLOW1 


C 
THIS SUBROUTINE 
WILL 
BLOW THE ENTIRE CONDITIONAL 
THREE 
STATE 


C 
PRODUCT 
LINE WHEN 
'IF(VCC)' CONDITION 
IS USED FOR THE 


C 
CORRESPONDING 
OUTPUT 
PIN 


IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
IENABL(10,14) 


LOGICAL 
LFUSES(40,80) 


C 
l=ENABLED 
OUTPUT. 
O=ANYTHING 
ELSE FOR THAT OUTPUT 
DATA 
IENABL/ 


1 
0,0,0,0,0,0,0,0,0,0, 


2 
0,0,0,0,0,0,0,0,0,0, 


3 
0,0,0,0,0,0,0,0,0,0, 


4 
0,0,0,0,0,0,0,0,0,0, 


5 
0,0,0,0,0,0,0,0,0,0, 


6 
0,0,0,0,0,0,0,0,0,0, 


7 
1,1,1,1,1,1,1,1,1,1, 


8 
0,0,0,0,0,0,0,0,0,0, 


9 
1,0,0,0,0,0,0,0,0,1, 
A 
1,1,1,0,0,0,0,1,1,1, 
B 
0,1,1,1,1,1,1,1,1,0, 
C 
0,0,0,0,0,0,0,0,0,0, 
D 
0,1,0,0,0,0,0,0,1,0, 
E 
0,1,1,0,0,0,0,1,1,0/ 
IOUT=(I88PRO-1)/8+1 
IF(IENABL(IOUT,ITYPE).EQ.O) 
RETURN 
00 10 1=1,40 
IBLOW = IBLOW + 1 
10 LFUSES(I,I88PRO) 
= •TRUE. 
I88PRO = I88PRO + 1 
RETURN 
END 
C 
C*********************************************************************** 


SUBROUTINE 
FANTOM(ITYPE, lOP,lOUT, IPROD, 18PRO) 
C 
THIS SUBROUTINE 
UPDATES 
lOUT 
(THE PRINTED 
FUSE 
PLOT) 
C 
FOR HIGH AND LOW PHANTOM 
FUSES 
IMPLICIT 
INTEGER 
(A-Z) 
INTEGER 
IOUT(64) 
LOGICAL 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON 
/BLK/ PR8XlO (10,14),PRODS (8,11) ,PRODLN(40, 7) 
DATA B/'B'/,N/'N'/,P/'P'/,LOFANT/'O'/,HIFANT/'O'/,IBLANK/' 
'/ 
C 
GET OUTPUT 
GROUPING 
OUTPUT=(IPROD-1)/8+1 
GRTYPE=PRaXlO (OUTPUT,ITYPE) 
LNTYPE=PROD8(I8PRO,GRTYPE) 
00 10 COL=1,40 
IF( PRODLN(COL,LNTYPE).EQ.P.AND.IOP.EQ.P 
IOUT(COL)=HIFANT 
IF( PRODLN(COL,LNTYPE).EQ.P.AND.IOP.EQ.B 
IOUT(COL)=IBLANK 
IF( PRODLN(COL,LNTYPE) .EQ.N ) 
IOUT(COL)=LOFANT 
10 CONTINUE 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE 
IODC2 
C*****THIS 
ROUTINE 
IS OPTIONAL, 
IT MAY BE USED TO TURN PERIPHERALS 
ON 
IMPLICIT 
INTEGER 
(A-Z) 
COMMON 
/LUNIT/ 
PHS,POF',PDF 
DATA DC2/Z12000000/,BEL/Z2FOOOOOO/ 
WRITE(PDF,10) 
DC2,BEL 
10 FORMAT (, ',2Al) 
RETURN 
END 
C 
C*********************************************************************** 
C 
SUBROUTINE 
IODC4 
C*****THIS 
ROUTINE 
IS OPTIONAL, 
IT MAY BE USED TO TURN PERIPHERALS 
OFF 
IMPLICIT 
INTEGER 
(A-Z) 


DATA DC3/Z37000000/,DC4/Z3COOOOOO/,BEL/Z2FOOOOOO/ 
WRITE (PDF,10) BEL,DC3,DC4 
10 FORMAT(' 
',3Al) 
RETURN 
END 
C 
C******************************************************************~**** 


C 
SUBROUTINE TEST(LPHASE,LBUF,TITLE,IC,IL,ILE,ISYM,IBUF,ITYPE) 
C 
THIS SUBROUTINE PERFORMS THE FUNCTION TABLE SIMULATION 
C 
AND GENERATES TEST VECTORS 
IMPLICIT INTEGER 
(A-Z) 
INTEGER ISYM(8,24),ISYMl(8,24),IBUF(8,24),IVECT(24) 
,IVECTP(24), 
1 
ISTATE(24),ISTATT(24),IPIN(24),TITLE(80) 
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOf.LSAME, 
1 
XORFND,LERR,LPHASE(24),LPHAS1(24) ,LBUF(24) ,LOUT(24), 
2 
LOUTP(24),LCLOCK,LPTRST,LCTRST,LENABL(24) 
,NREG 
COMMON 
LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL,LRIGHT,LXOR 
COMMON /PGE/ IPAGE(80,200) 
COMMON /LUNIT/ PMS,POF,PDF 
COMMON /FTEST/ 
IFUNCT,IDESC,lEND 
DATA lDASH/'-'/,L/'L'/,H/'H'/,X/'X'/,C/'C'/,Z/'Z'/,NO/'O'/, 
1 
Nl/'1'/,IBLANK/' 
'/,COMENT/':'/ 
C 
PRINT AN ERROR MESSAGE 
IF NO FUNCTION TABLE IS SUPPLIED 
IF(IFUNCT.NE.O) GO TO 3 
WRITE (PMS,2) 
2 FORMAT (/,' FUNCTION TABLE MUST BE SUPPLIED 
IN ORDER TO PERFORM', 
1 
I SIMULATION') 
RETURN 
C 
PRINT TITLE 
3 WRITE(POF,4) 
TITLE 
4 FORMAT(/, I 
',80Al,/) 
C 
INITIALIZE LERR 
(ERROR FLAG) TO NO ERROR 
LERR=.FALSE. 
C 
SET THE STARTING POINT OF THE FUNCTION TABLE TO COLUMN 0 
C 
AND IFUNCT + 1 
IC=O 
IL=IFUNCT + 1 
C 
INITIALIZE ITRST (THREE STATE ENABLE FUNCTION TABLE PIN NUMBER) 
ITRST=O 
C 
MAKE A DUMMY CALL TO INCR 
CALL INCR(IC,IL) 
C 
GET THE FUNCTION TABLE PIN LIST 
(UP TO 22) 
C 
GO ONE MORE THAN MAX TO LOOK FOR DASHED LINE 
00 10 1=1,23 
CALL GETSYM(LPHAS1,ISYMl,I,IC,IL) 
00 5 J=1,8 
5 
IBUF(J,1)=ISYMl(J,I) 
IF(IBUF(8,1).EQ.IDASH) 
GO TO 12 
CALL MATCH (lMATCH,IBUF,ISYM) 
IF(lMATCH.NE.0) GO TO 7 
WRITE (PMS,6) (IBUF(J,1),J=1,8) 
6 FORMAT(/,' FUNCTION TABLE PIN LIST ERROR AT', 8Al) 
RETURN 
7 LOUT(I)=.FALSE. 


ISTATT(I)=X 
IVECTP(I)=X 
C 
IF APPROPIATE PAL TYPE, REMEMBER LOCATION OF CLOCK AND THREE STATE 
C 
ENABLE PIN IN FUNCTION TABLE PIN LIST 
IF( .NOT.(ITYPE.EQ.8.0R.ITYPE.EQ.9.0R.ITYPE.EQ.I0.0R. 
1 
ITYPE.EQ.12.0R.ITYPE.EQ.13.0R.ITYPE.EQ.14) 
) GO TO 10 
IF(IMATCH.EQ.l) 
ICLOCK=I 
IF(IMATCH.EQ.13) 
ITRST=I 
10 IPIN(I)=IMATCH 
C 
ALL SIGNAL NAMES FOR THE FUNCTIONAL TEST HAVE BEEN READ IN 
C 
ADJUST COUNT 
12 IMAX=I-l 
NVECT=O 
C 
C*****START OF MAIN LOOP FOR SIMULATION***** 
C 
90 NVECT=NVECT+l 
ICl=O 
IL1=ILE 
C 
GO PASSED COMMENT LINES 
23 IF(IPAGE(1,IL)•NE.COMENT) GO TO 24 
IL=IL+l 
GO TO 23 
24 CONTINUE 
C 
GETS VECTORS FROM FUNCTION TABLE 
00 20 I=I,IMAX 
IF(IPAGE(IC,IL).EQ.IBLANK) 
GO TO 21 
GO TO 22 
21 
IC=IC+l 
IF(IPAGE(IC,IL)•EQ.IBLANK) GO TO 21 
22 
IVECT(I)=IPAGE(IC, IL) 
IC=IC+l 
20 CONTINUE 
C 
ADVANCE LINE COUNT TO SKIP FUNCTION TABLE COMMENTS 
IL=IL+l 
IC=1 
IF(IVECT(I).EQ.IDASH) 
GO TO 95 
C 
CHECK FOR VALID FUNCTION TABLE VALUES 
(L,H,X,Z,C) 
00 11 I=I,IMAX 
IF( lVECT(I).EQ.L.OR.IVECT(I).EQ.H.OR.IVECT(I).EQ.X.OR. 
1 
IVECT(I).EQ.Z.OR.IVECT(I) .EQ.C) GO TO 11 
WRITE (PMS,8) IVECT(I),NVECT 
8 
FORMAT(/," 
,Al, I 
IS NOT AN ALLOWED FUNCTION TABLE ENTRY' 
1 
' IN VECTOR 
',I3) 
RETURN 
11 CONTINUE 
C 
INITIALIZE CLOCK AND THREE STATE ENABLE FLAGS 
LCLOCK=.FALSE. 
LCTRST=.TRUE. 
LPTRST=.TRUE. 
00 13 I=I,IMAX 
13 
LENABL(I)=.TRUE. 
C 
INITIALIZE NREG 
(NOT REGISTERED OUTPUT) TO FALSE 
NREG=.FALSE. 
C 
INITIALIZE ISTATE ARRAY TO ALL X'S 
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1 
ITYPE.EQ.12.0R.ITYPE.EQ.13.0R.ITYPE.EQ.14) 
) GO TO 25 
C 
CHECK CLOCK AND THREE STATE ENABLE PINS AND CHANGE FLAG IF NEEDED 
IF(IVECT(ICLOCK).EQ.C) 
LCLOCK=.TRUE. 
IF(ITRST.EQ.O) 
GO TO 25 
LSAME=( 
( 
LPHASE(13».AND. 
( 
LPHAS1(ITRST».OR. 
1 
(.NOT.LPHASE(13».AND. 
(.NOT.LPHAS1(ITRST» 
) 
IF( IVECT(ITRST).EQ.L.AND.(.NOT.LSAME).OR. 
1 
IVECT(ITRST).EQ.H.AND.( 
LSAME» 
LPTRST=.FALSE. 
IF(LPTRST) GO TO 25 
C 
DISABLE REGISTERED 
OUTPUTS 
IF APPROPRIATE 
DO 46 I=l,IMAX 
J=IPIN(I) 
IF(J.EQ.17.0R.J.EQ.18.0R.J.EQ.19.0R.J.EQ.20) 
LENABL(I)=.FALSE. 
IF( (ITYPE.EQ.8.0R.ITYPE.EQ.9.0R.ITYPE.EQ.12.0R. 
1 
ITYPE.EQ.13).AND. (J.EQ.16.0R.J.EQ.21) 
) LENABL(I)=.FALSE. 
IF( (ITYPE.EQ.8.0R.ITYPE.EQ.9.0R.ITYPE.EQ.12).AND. 
1 
(J.EQ.15.0R.J.EQ.22) 
) 
LENABL(I)=.FALSE. 
IF( 
ITYPE.EQ.8.AND. (J.EQ.14.0R.J.EQ.23) 
LENABL(I)=.FALSE. 


46 CONTINUE 
C 
C*****SCAN 
THROUGH THE LOGIC 
C 
C 
MAKE A DUMMY CALL TO INCR 
25 CALL INCR(IC1,IL1) 
26 CALL GETSYM(LBUF,IBUF,1,IC1,ILl) 
IF (LLEFT) GO TO 29 
27 IF (.NOT.LEQUAL) GO TO 26 
EVALUATE CONDITIONAL 
THREE STATE PRODUCT LINE 
29 IF (LEQUAL) GO TO 35 
NREG=. TRUE. 
33 CALL GETSYM(LBUF, IBUF,l,IC1,ILl) 
CALL MATCH(IINP,IBUF,ISYMl) 
CHECK FOR GND, VCC, /GND, OR !VCC IN CONDITIONAL 
THREE STATE 
PRODUCT LINE 
IF(IINP.NE.O) 
GO TO 32 
CALL MATCH(IMATCH,IBUF,ISYM) 
ILL=ILl 
IF( IMATCH.EQ.12.AND. (LBUF(l».OR. 
1 
IMATCH.EQ.24.AND. (.NOT.LBUF(l» 
) LCTRST=.FALSE. 
IF( IINP.EQ.0.AND.IMATCH.NE.12.AND.IMATCH.NE.24 
) GO TO 100 
GO TO 34 
32 ITEST=IVECT( IINP) 
IF( 
ITEST.EQ.L.AND.( 
LPHAS1(IINP».AND. 
( 
LBUF(l» 
1.0R. ITEST.EQ.H.AND.( 
LPHAS1(IINP».AND.(.NOT.LBUF(1» 
2.0R. ITEST.EQ.H.AND.(.NOT.LPHAS1(IINP».AND. 
( 
LBUF(l» 
3.0R. ITEST.EQ.L.AND.(.NOT.LPHAS1(IINP».AND. 
(.NOT.LBUF(l» 
4 
) 
LCTRST=. FALSE. 
IF (ITEST.EQ.X.OR. ITEST.EQ. Z) LCTRST=.FALSE. 
34 IF(LAND) GO TO 33 
GO TO 
27 


C 
EVALUATE 
THE LOGIC EQUATION 


C 
C 
FIND PIN NUMBER OF THE OUTPUT VECTORS 
35 CALL MATCH(IOUTP,IBUF,ISYMl) 
ILL=IL1 
IF(IOUTP.EQ.O) 
GO TO 100 
IF (NREG) LENABL(IOUTP) =LCTRST 
LOUT (IOUTP)=.TRUE. 
IF ( •NOT.LCTRST ) LOUT (IOUTP)=.FALSE. 
LCTRST=. TRUE. 
LOUTP(IOUTP)=LBUF(l) 


C 
DETERMINE 
PRODUCT TERM AND EVENTUALLY 
SUM FOR OUTPUT KEEPING 


C 
TRACK TO SEE IF AN XOR 
(EXCLUSIVE OR) BAS BEEN FOUND 


XORSUM=H 
XORFND=. FALSE. 
ISUM=L 


28 IPROD=H 
30 ILL=IL1 
CALL GETSYM(LBUF,IBUF,1,IC1,ILl) 
CALL MATCH(IINP, IBUF,ISYMl) 
IF(IINP.NE.O) 
GO TO 45 
CALL MATCH (IMATCH, IBUF,ISYM) 
IF(IMATCH.NE.12) 
GO TO 100 


ITEST=L 
IINP=23 
LPBAS1(23)=.TRUE. 
GO TO 37 


45 ITEST=IVECT(IINP) 


C 
GET FEED BACK VALUES 
IF( (.NOT.LCLOCK) .OR.(NREG) ) GO TO 37 
CALL MATCH(IIFB, IBUF,ISYM) 
IF( (ITYPE.EQ.8.0R.ITYPE.EQ.9.0R.ITYPE.EQ.10.0R.ITYPE.EQ.12.0R. 


1 
ITYPE.EQ.13.0R.ITYPE.EQ.14).AND. 
(IIFB.EQ.17.0R.IIFB.EQ.18.0R. 


2 
IIFB.EQ.19.0R.IIFB.EQ.20» 
ITEST=IVECTP(IINP) 
IF( (ITYPE.EQ.8.0R.ITYPE.EQ.9.0R.ITYPE.EQ.12.0R.ITYPE.EQ.13).AND. 
1 
(IIFB.EQ.16.0R.IIFB.EQ.21» 
ITEST=IVECTP(IINP) 
IF( (ITYPE.EQ.8.0R.ITYPE.EQ.9.0R.ITYPE.EQ.12).AND. 


1 
(IIFB.EQ.15.0R.IIFB.EQ.22» 
ITEST=IVECTP(IINP) 
IF( 
ITYPE.EQ.8.AND. (IIFB.EQ.14.0R.IIFB.EQ.23) 
) 


1 
ITEST=IVECTP( IINP) 


37 IF(ITEST.EQ.X.OR.ITEST.EQ.Z) 
ITEST=L 
IF( 
ITEST.EQ.L.AND. ( 
LPBAS1(IINP».AND. 
( 
LBUF(l» 


1.0R. ITEST.EQ.H.AND. ( 
LPBAS1(IINP».AND. 
(.NOT.LBUF(l» 


2.0R. ITEST.EQ.H.AND. (.NOT.LPBAS1(IINP».AND. 
( 
LBUF(l» 


3.0R. ITEST.EQ.L.AND.(.NOT.LPBAS1(IINP» 
.AND. (.NOT.LBUF(l» 


4 
) 
IPROD=L 
IF (LAND) GO TO 30 
IF(ISUM.EQ.L.AND.IPROD.EQ.X) 
ISUM=X 


IF( (ISUM.NE.H).AND.IPROD.EQ.H) 
ISUM=H 


C 
CHECK FOR XOR 
(EXCLUSIVE OR) AND SAVE INTERMEDIATE VALUE 


IF(.NOT.LXOR) 
GO TO 31 


XORSUM= ISUM 
XORFND=.TRUE. 
ISUM-L 
GO TO 28 


31 IF (LOR) GO TO 28 
C 
IF END OF EQUATION 
HAS BEEN FOUND, 
DETERMINE 
FINAL 
SUM AND SAVE 
IT 
IF(.NOT.XORFND) 
ISTATT(IOUTP)=ISUM 
IF( 
(XORFND).AND.«ISUM.EQ.L.AND.XORSUM.EQ.L).OR. 
1 
(ISUM.EQ.H.AND.XORSUM.EQ.H» 
) ISTATT(IOUTP)=L 
IF( 
(XORFND).AND.«ISUM.EQ.H.AND.XORSUM.EQ.L).OR. 
1 
(ISUM.EQ.L.AND.XORSUM.EQ.H» 
) ISTATT(IOUTP)=H 
IF( 
(XORFND).AND. 
(ISUM.EQ.X.OR. 
XORSUM.EQ.Xl) 
ISTATT(IOUTP)=X 


NREG=. FALSE. 


C 
CHEX:K IF ALL EQUATIONS 
HAVE BEEN PROCESSED 
BY COMPARING 
CURRENT 


C 
LINE NUMBER 
WITH 
FUNCTION 
TABLE 
LINE NUMBER 


IF(IDESC.NE.0.AND.IL1.LT.IFUNCT.AND.ILl.LT.IDESC.OR. 
1 
IDESC.EQ.0.AND.IL1.LT.IFUNCT) 
GO TO 27 


C 
DETERMINE 
OUTPUT 
LOGIC VALUES 


C 
COMPARE 
OUTPUTS 
TO SEE 
IF VECTOR 
AGREES WITH 
RESULTS 


DO 50 1=1,IMAX 
IF (.NOT.LOUT (I» 
GO TO 50 


IF(ISTATT(I).EQ.X.AND.IVECT(I).EQ.X) 
GO TO 50 
LSAME 
= 
« 
LOUTP(I».AND.( 
LPHAS1(I».OR. 


1 
(.NOT.LOUTP(I».AND.(.NOT.LPHAS1(I» 
) 


IMESS=40 
IF(ISTATT(I).EQ.L.AND.IVECT(I).EQ.L.AND.(.NOT.LSAME» 
IMESS=41 
IF(ISTATT(I).EQ.H.AND.IVECT(I).EQ.H.AND.(.NOT.LSAME» 
IMESS=42 
IF(ISTATT(I).EQ.L.AND.IVECT(I).EQ.H.AND.( 
LSAME» 
IMESS=42 
IF(ISTATT(I).EQ.H.AND.IVECT(I).EQ.L.AND.( 
LSAME» 
IMESS=41 
IF( 
( 
LENABL(I».AND.IVECT(I).EQ.Z) 
IMESS=43 
IF( 
(.NOT.LENABL(I».AND.(LOUT(I».AND.IVECT(I).NE.Z 
) IMESS=44 
IF(IMESS.NE.40) 
LERR=.TRUE. 
IF(IMESS.EQ.41) 
WRITE (PMS,41) NVECT,(ISYMl(J,I),J=1,8) 


41 FORMAT (/,' FUNCTION 
TABLE ERROR 
IN VECTOR', 13, I 
PIN =',8Al, 


1 
' 
EXPECT 
= H 
ACTUAL 
= L') 
IF(IMESS.EQ.42) 
WRITE(PMS,42) 
NVECT,(ISYMl(J,I) ,J=1,8) 


42 FORMAT (/,' FUNCTION 
TABLE ERROR 
IN VECTOR', 13,' 
PIN = I , 8Al, 


1 
I 
EXPECT 
= L 
ACTUAL 
= H') 


IF(IMESS.EQ.43) 
WRITE (PMS,43) NVECT,(ISYMl(J,I) ,J=1,8) 


43 FORMAT (/,' FUNCTION 
TABLE ERROR 
IN VECTOR', 13,' 
PIN =',8Al, 


1 
/,' 
EXPECT 
= OUTPUT 
ENABLE 
ACTUAL 
= Z') 


IF(IMESS.EQ.44) 
WRITE (PMS,44) NVECT,(ISYMl(J,I),J=1,8) 
,IVECT(I) 
44 FORMAT (/, I FUNCTION 
TABLE ERROR 
IN VECTOR I, 13,' 
PIN =',8Al, 


1 
' 
EXPECT 
= Z 
ACTUAL 
= 
',Al) 


50 CONTINUE 


C 
CHANGE 
THE ORDER OF VECTORS 
FROM THE ORDER 
OF APPEARANCE 
IN THE 


C 
FUNCTION 
TABLE TO THAT OF THE PIN LIST AND TWEEK 
FOR OUTPUT 
DO 65 1=1,24 
DO 55 J=l, IMAX 
IF(IPIN(J).NE.I) 
GO TO 55 
IF( IVECT(J).EQ.L.OR.IVECT(J).EQ.H) 
GO TO 51 
ISTATE(I)=IVECT(J) 
GO TO 65 


51 
LSAME=( 
( 
LPHASE(I».AND.( 
LPHAS1(J».OR. 


1 
(.NOT.LPHASE(I».AND.(.NOT.LPHAS1(J» 
) 
IF( ITYPE.EQ.6.AND.(I.EQ.18.0R.I.EQ.19» 
LOUT(J)=.TRUE. 


IF( 
(.NOT.LOUT(J».AND.( 
LSAME) .AND. 


1 
IVECT(J).EQ.L) 
ISTATE(I)=NO 
IF( 
(.NOT.LOUT(J» 
•AND. ( 
LSAME) •AND. 


1 
IVECT(J).EQ.H) 
ISTATE(I)=Nl 


IF( 
(.NOT.LOUT(J».AND. 
(.NOT.LSAME).AND. 
1 
IVECT(J).EQ.L) 
ISTATE(I)=N1 
IF( 
(.NOT.LOUT(J».AND.(.NOT.LSAME).AND. 
1 
IVECT(J).EQ.H) 
ISTATE(I)=NO 
IF( 
LOUT(J» 
•AND. ( 
LSAME) .AND. 
1 
IVECT(J).EQ.L.AND.( 
LENABL(J» 
ISTATE(I)=L 
IF ( 
LOUT (J))•AND. ( 
LSAME) •AND. 


1 
IVECT(J).EQ.H.AND.( 
LENABL(J» 
ISTATE(I)=H 
IF( 
LOUT(J» 
•AND. (.NOT.LSAME) •AND. 


1 
IVECT(J).EQ.L.AND.( 
LENABL(J» 
ISTATE(I)=H 
IF ( 
LOUT (J))•AND. (•NOT. LSAME) •AND. 
1 
IVECT(J).EQ.H.AND.( 
LENABL(J» 
ISTATE(I)=L 
GO TO 65 


55 CONTINUE 


C 
SAVE PRESENT 
VECTORS 
FOR FEED BACK USED WITH NEXT 
SET OF VECTORS 


C 
IF CLOCK 
PULSE AND NOT 
Z (Z WOULD 
BE AN UNREALISTIC 
VALUE) 


65 IF( 
(LCLOCK).AND.IVECT(J).NE.Z 
) IVECTP(J)=IVECT(J) 


C 
ASSIGN 
X TO GROUND 
PIN AND 1 TO VCC PIN 


ISTATE(12)=X 
ISTATE (24)=Nl 


C 
PRINT 
TEST VECTORS 


WRITE(POF,60) 
NVECT,(ISTATE(I),I=1,24) 


60 FORMAT(' 
',12,' 
',24Al) 


GO TO 90 


C 
TERMINATE 
SIMULATION 


95 IF(•NOT. LERR) WRITE (POF,67) 
67 FORMAT (/,' PASS SIMULATION') 


RETURN 


C 
PRINT AN ERROR MESSAGE 
FOR AN UNDEFINED 
PIN NAME 


100 ILERR=ILL+4 


WRITE (PMS,101) 
(IBUF(I,1),I=1,8) ,ILERR,(IPAGE(I,ILL) ,1=1,80) 


101 FORMAT (/,' ERROR SYMBOL 
= 
',8Al, I 
IN LINE NUMBER 
',13, 


1 
f,' 
',80Al,f,' THIS PIN NAME 
IS NOT DEFINED 
IN THE', 


2 
I FUNCTION 
TABLE 
PIN LIST') 


RETURN 
END 


510 
PRINTI'AB (3S) "01/16/S0 
00" :PRINT 


520 
PRINI'''WELCCM!: 'ID pAIASM-20. 
THE SOORCE <DDE FOR THIS 
ProGRAM" 


530 
PRINI'''WAS 
WRI'lTEN IN BASIC 
eN AN S-BIT 
MICRCXXlMPUTER. 
IT 
IS" 


540 
PRINI'''INTENIED 
'ID BE USED eN A DISK 
SYSTEM CNLY. 
THE OOTPurs" 


550 
PRINT"ARE 
OOMPED'ID DISK 
FILES 
NAMEDBY THE OPERA'IDR. 
USE m" 
560 
PRINI'''STANmRD 
SYSTEM INSTRIJCI'IeNS 
'ID PRINT, 
LIST, 
OR ": 


570 
PRINI'"IXlMP 
'ID AN": PRINI'''RS232 
PORT." 


5S0 
PRINT"" 
:PRINI'"PIEASE 
REFERE 'ID THE PAL INFORMATIeN BY M:NOLITHIC" 
590 
PRINI'''MEM)RIES, 
INC. 
FCR ANY (UESTIeNS 
REGl\RDING THE FOR-1AT OR" 


600 
PRINI'''IESIrn 
SPECIFICATICNS 
AS USED BY THIS 
ProGRAM." 


610 
PRINT"" 
:INPtJI'"PRESS 
<RETURN> 'ID 


0 a:NI'INUE 
••• ":A$ 


620 
PRINI"'" 
:PRINI'" 
THIS 
ProGRAM CAN BE RUN IN EITHER 
THE" 


630 
PRINI'''CCMPILED 
OR INI'ERPRE1'ED 
M:>DES. 
THE rnLY 
DIFFERENCE" 


640 
PRINI'''SlDULD 
BE THE SPEED OF OPERATIeN." 
:PRINT" " 


650 
PRINI':PRINI'"FINE 
PRINI':" 
660 
PRINI'"THIS 
ProGRAM IS 
DISTRIBUI'ED 
eN AN 'AS 
IS' 
BASIS." 


670 
PRINI'''IT 
WAS TRANSLATED FRI:M A FORTRAN "N ProGRAM" 


6S0 
PRINT"AND 
EVERY EFFORT WAS TAKEN 'ID INSURE 
ITS 
AroJRACY." 


690 
PRINT"~, 
THE USER SHOJLD ALSO VERIFY 
ITS 
ACCURACY" 


700 
PRINI'"AND 
CCMPIETENESS. 
":PRINT'''' 
:PRINT" " 


710 
PRINT:INPU1'"PRESS 
<RETURN> 'ID BEGIN ProGRAM ••• ":A$ 


1000 
A$='''' 
:FORX%=1'ID16 :PRINr '''' :NE}IT:CLEARlOOO :DEFINI'C,F 
,H,N,O,T,X, 
Y,Z 
1010 
DIMF (31, 63) :DEFSTRA,D,L,P:DIM1\(15) 
,P (21) ,L(50) 
:C=O :X$='''' 
:A$="" 


1020 
X=O:PRINr "ENl'ER 
1 'ID CREATE PAL IESIrn 
SPECIFICATIeN 
FILE 
FRI:M KEYBOI\RD" 
1030 
PRINI'''ENI'ER 
2 'ID READ EXISTING 
PAL IESIrn 
SPECIFICATIeN 
FILE 
": 
1040 
INPUTX:X=ABS(X) 
:OOXGOT01060,1130 


1050 
GOT01000 
1060 
PRINI':PRINI':PRINI'"ENI'ER 
IESIrn 
SPEC FILENAME 
(FILENAME/EXT:D)" 


1070 
PRINI'''ENI'ER 
'END' 
(WITIDtJI' 
OOO!'ES) 
AFTER lAST 
LINE." 


10S0 
PRINI'''FILENAME 
? ": :LINEINPtJI'A$ 


1090 
OPEN"O",l,A$ 
1100 
LINEINPtJI'A$ 
1110 
IFA$="END"THENl120ELSEPRINTil,A$:GOTOl100 


1120 
CLOSE:GOT01000 
1130 
ONERRORGOT02260 


1140 
PRINI':PRINI':PRINI'"ENI'ER 
FILENAME 
(FILENAME/EXT.PASSmRD:D) 
'ID BE ": 
1150 
PRINI'''ASSEMBIED 
?" :LINEINPtJI'F$ 


1160 
X=1:0PEN"I",1,F$ 


1170 
INPtJI'#l,A:L(X)=A:X=X+l:PRINTA 


11S0 
IFEOF(l)THEN1190ELSE1170 


1190 
CLOSEl:NL=X 
1200 
ONERRORQJI'OO 
2000 
REM *** VERIFY 
PART NUMBER AND GET TYPE *** 


2010 
A=L(l):TY=O 
2020 
X=INSTR(A, 
"PAL") 
2030 
OT$=MID$(A,X+5,1):P=MID$(A,X+6,1):P3%=VAL(P) 


2040 
PN=MID$ (A,X, 7) :P=IEFT$ 
(PN,3) 
: IFP<>"PAL 
"'mENGOT02090ELSEP=MID$ 
(PN,4,4) 
2050 
IFP="10HS"ORP="10LS"nIENl'Y=1ELSEIFP="12H6"ORP="12L6"'IHEN1'Y=2 


2060 
IFP="14H4"ORP="14L4"nIENl'Y=3 


2070 
IFP="16H2"ORP="16L2"ORP="16Cl"THENl'Y=4ELSEIFP="16LS"'IHEN1'Y=5 


20S0 
IFP="16R4"ORP="16R6"ORP="16RS"nIENl'Y=6ELSEIFP="16A4"ORP="16X4"THEN!'Y=7 
2090 
IFTY=0THEN<n5UB7210 
:PRINr " INVALID PART NUMBER":END 


2200 
REM *** 
VERIFY 
PIN 
LIST 
*** 
2210 
LC%=5:Y=1:ONERRORGOT02250 
2220 
A=L(LC%)+" 
":C=IEN(A$) 
:FORX=lT(X 
2230 
P$=MID$(A,X,l) 
: IFP<> 
II 
"THENP(Y)=P(Y)+P 
ELSEY=Y+l 
2240 
NEXT:IFY=21THEN2270ELSEIFY<21THENLC%=LC%+1:GOT02220 
2250 
Ga)UB7210 
:PRINI' 
II INVALID PIN 
LIST":END 
2260 
RESUME1l30 
2270 
IFP (10) <>"QID"THENPRINT"ERROR 
<X>RRECTED••• 
PIN 
10 
IS 
NCM "'QID"'":p 
(10) ="QID 


2290 
CNERROmJI'OO : <n3UB5000 
2400 
REM *** 
FIND 
CUI'PUl' 
IN ECUATICN *** 
2410 
00=0: 
IFTY>4THENN0=8EI.SENCFP3% 
2420 
LC%=LC%+l:A=L(LC%) 
:IFLC%>NLTHEN4010 
2430 
FC=O:FS=O:FR=O:AT="":DL=")/ 
" 
2440 
CE=INSTR(A, 
"=") 
:IFCE=OTHEN2420 
2450 
oo=OO+l:IFCU>NO 
THEN3290 
2460 
AL=IEFI'$ 
(A,CE-l) 
:CI'=IEN(A) 
:CN=CE 
2470 
CN=CN-l: 
IFCN=OTHENGOT02500 
2480 
P=MID$ (A,CN,l) 
:IFP=" 
"THEN2470ELSEIFP=": 
"THENFR=1 :GOT02470 
2490 
P=MID$(A,CN,1):IFINSTR(DL,P)=0THENAT=P+AT:CN=CN-l:IFCN<>OTHEN2490 
2500 
FORZ=12T019 
:IFAT=P 
(Z)ORP (Z) = ("/"+AT)THEN<n3UB4710 
:GOT02520ELSENEXT 
2510 
Ga)UB7210 
:PRINr"CUI'PUl' 
UNrEFINED 
BY PIN 
LIST" 
:PRINrI#" 
,A; "- 
(" ;AT;")":END 
2520 
IFY=OTHEN<n3UB7210 
:PRINI' 
II INVALID 
CUI'PUl' 
PIN" :PRINT" # II ;A; "_- 
(" ;AT;")":END 
2530 
IFY> 10 OTHENFR=1 : Y=Y-l00ELSEIFY<0'mENFC=1 
:Y=-YELSEFS=l 
2540 
Y=Y-l:<n3UB4410 
2550 
Yl=Y+NP 
2560 
IF (FS=1 
OR FR=l)AND 
INSTR(AL,")") 
<>0'1HEN2590 
2570 
IFFC=lANDINSTR(AL,") 
") =0'IHENY=Y+l:CN=CE+l:<n3UB4410 
:GOT03050 
2580 
IFFC= lTHEN2710ELSECN=CE+l 
:G0T030 50 
2590 
<n3UB7210 
:PRINI'"ECUATICN 
INVALID 
FOR THIS 
CUI'PUl' 
TYPE" 
2600 
PRINl'"#I;A;" 
PIN 
=";ZO:END 
2700 
REM **** 
THREE-STATE 
ENABLE CNLY **** 
2710 
IFINSTR 
(AL, 'OVOC") <>O'1HENCN=CE+l :Y=Y+l :<n3UB4410 
:G0T030 50 
2720 
CN=INSTR(AL, 
II (") 
:CI'=INSTR(AL,")") 
:IFCN=00RCl'=OTHEN2590 
2730 
A=AL:CN=CN+l:CT=CT-1 
2740 
IFINSTR(A, 
"+") 
<>OTHEN<n3UB7210 :PRINI'"INVALID 
CCNDITICNAL 
STATEMENT" 
2750 
IFINSTR 
(A, "+") <>OTHENPRINI' II# II ;A:END 
2760 
DL=" (:)+*":AT="" 
2770 
IFCN>CITHENDr02810 
2780 
P=MID$ (A,CN,l) 
:IFP=" 
"THENCN=CN+l:GOT02770 
2790 
IFINSTR(DL,P)=~AT+P:IFCN<>CTTHENCN=CN+l:GOT02770 
2800 
Ga)UB3200:GOT02760 
2810 
Y=Y+1 :A=L (LC%) :CN=CE+ 1 :CI'=IEN 
(A) 
2820 
Ga)UB4410 
2830 
G0T03050 
3000 
REM *** 
INPU1' PRCCESSING 
FOR SIMPLE 
CXJl'PlYI'S 
*** 
3010 
LC%=LC%+l:A=L(LC%) 
:IFLC%>NLTHEN4010:REM** 
RE-ENTRY POINT 
** 
3020 
IFINSTR(A, 
"DESCRIPTICN") 
<>OTHEN4010 
3025 
IFINSTR(A, 
"FUNCrICN 
TABIE") 
<>0'1HEN4010 
3030 
CT=IEN(A) 
:CN=l 
3040 
IFINSTR(A,"=")<>OTHEN2430 
3050 
DL="(:)+* 
":AT="" 
3060 
!FCN>CTTHEN3010 


3070 
P=MID$ (A,CN,l) 
:IFP=" 
"THENCN~+l:ooro3060 
3080 
IFP="+"ANI:l.l\T<> '"'THENG:SUB3210 
:Y=Y+1: IFY> Y1'rnEN3150EISEG:SUB4410 
:ooro3050 


3090 
IFP="+"ANI:l.l\T=""THENCN~ 
1 :Y=Y+ 1 :IFY>Y1THEN3150EISEG:SUB4410 
:ooro3060 
3100 
IFP="*"THEN;03UB3210:00r03050 


3110 
IFl'Y=7AND(P=" 
(" 
CR P=":")THEN9000 


3120 
IFP=" 
(" 
OR P=")" 
OR P=": 
"THEN2590 


3130 
AT=AT+P: CN~+ 
1 
3140 
IFCI'=CN-lANI:l.l\T<> " "THENG:SUB3210 
: 00r03060EISEOOr03060 


3150 
G:SUB7210 
:PRINI' "EXCESSIVE 
NUMBER OF 'I'ERM3 FOR THIS 
CXJI'PtYI''' 


3160 
PRINr"M7>J{IMJM NUMBER OF 'I'ERM3 IS"~NP~"FOR 
CUI'Pur 
PIN"~ZO:END 


3200 
REM *** 
INPur 
MATCH AND SEl' 
FUSE *** 
3210 
FORZ=lT020 
3220 
IFAT=P(Z)THENG:SUB3310:X=X-1:00r03280 
3230 
IFAT="/"+P(Z)THENG:SUB3310:00r03280 


3240 
IFASC(P(Z»=47ANDAT--MID$(P(Z),2)THENG:SUB3310:00r03280 


3250 
NEXT 


3260 
G:SUB7210 
:PRINI' " INPur 
UNIEFINED 
BY PIN 
LIST" 


3270 
PRINr"#"~L(LC%) 
~"-("~AT~")":END 


3280 
F(X,Y)=0:NB=NB-1:CN~+1:RETURN 
3290 
G:SUB7210 
:PRINI'''EXCESSIVE 
NUMBER OF EQJATICNS 
GIVEN." 
3300 
PRINr"CNLY 
THE FIRST" 
~NO~" WILL BE ASSEM3IED." 
~00I'04010 


3310 
G:SUB4510 
:IFX<>0'I'HENRETlJRNEG:SUB7210 
:PRINT" INVALID 
INPur 
PIN" 


3320 
PRINr" # " ~A~"- 
(" ~AT~")":END 


4000 
REM **** 
OPTICN 
SELECT **** 


4010 
PRINr"ENTER 
OPTICN AT THIS 
TIME:" 


4020 
PRINr"X 
= X-PLOI' 
(<NERIAY TO L(X;IC 
DIAGRAM)" 


4030 
PRINr"H 
= HEX (ASCII 
HEX POOGlW+1ER FORMAT)" 


4040 
PRINr"N 
= BPNF 
(ASCII 
P~R 
FORMAT)" 


4050 
PRINr"L 
= BHLF 
(ASCII 
PRCXilW+1ER FORMAT)" 


4060 
PRINr"Q 
= Q]IT 
(END PROGRAM)" 


4070 
PRINr"": 
INPur"OPTICN 
"~A2 
4080 
IFA2="X"THENG:SUB6010:00I'04010 


4090 
IFA2="H"THENGQ5UB7010:00I'04010 


4100 
IFA2="N"'rnENro="N" 
:D1="P" 
:G:SUB8010 
:00I'04010 


4110 
IFA2="L"'rnENro="L":D1="H":G:SUB8010:00I'04010 


4120 
IFA2="Q"THENENDELSE4010 


4400 
REM *** 
INITZL 
PROD LINE 
WITH B:r.<:m FUSES *** 


4410 
FORX=OT031:IFF(X,Y)=OTHENF{X,Y)=1:NB=NB+1 


4420 
NEXT:Rm'URNELSENEXT:RETURN 


4500 
REM **** 
INPur 
TABIE 
FUNCI'ICN **** 


4510 
IFZ>1ANDZ<10THENX={Z-2)*4+1:RETURN 


4520 
IFZ=10ORZ=20THENX=0:RETURN 


4530 
IF (TY<6ANDZ=1) 
OR 
(TY>5ANDZ=19) 
THENX=3:RETURN 


4540 
IF (TY<6ANDZ=1l)OR 
(TY>5ANDZ=12) THENX=31:RETURN 


4550 
IFl'Y= 1THENX=0 :RETURN 


4560 
IF (TY<5ANDZ=12) OR (TY>4ANDZ=13) THENX=27:RETURN 


4570 
IF (TY<5ANDZ=19) OR (TY>4ANDZ=18) THENX=7:RETURN 


4580 
IFl'Y=2THENX=O:RETURN 


4590 
IF (TY<5ANDZ=13) OR (TY>4ANDZ=14) THENX=23 :RETURN 


4600 
IF (TY<5ANDZ=lB) OR (TY>4ANDZ=17) THENX=ll:RETURN 


4610 
IFl'Y=3THENX=0:RETURN 


4620 
IFZ=140R(TY>4ANDZ=15)THENX=19:RETURN 


4630 
IFZ=170R(TY>4ANDZ=16)THENX=15:RETURN 


4640 
X=O:RETURN 


4700 
REM **** 
CXJI'PtYI'TABIE 
FUNCI'ICN **** 


4710 Y=(19-Z)*8+1:NP=0:ZO=Z 
4720 IFY>570RY<1'I'HEl.JY=0:RErUm 
4730 IFrY=1THENNP=2: RErUm 
4740 IF1'Y>4'l"HEmP=8 
4750 IFRIGHT$(PN,2)="R8"'I'HEl.JY=Y+I00:RErUm 
4760 IFrY=5'I'HEl.JY=- 
Y:RErUm 
4770 IF1'Y>4AND(Z=12ORZ= 19)'I'HEl.JY=- 
Y :RErUm 
4780 IFRIGHT$(PN,2)="R6"'I'HEl.JY=Y+I00:REI'URN 
4790 IF1'Y>4AND(Z=l30RZ= 18)THENY=-Y:RErUm 
4800 IF1'Y>5'I'HEl.JY=Y+ 
100 :RErUm 
4810 IFZ=120RZ=19THENY=0:RErUm 
4820 IFrY=2AND (Z=13ORZ=18) 'mENNP=4:RErUm 
4830 IFrY=2THENNP= 2:REI'URN 
4840 IFZ=130RZ=18THENY=0:RErUm 
4850 IFrY=3'mENNP=4: REI'URN 
4860 IFZ=140RZ=17THENY=0:RErUm 
4870 IFRIGHT$ (PN,2)="C1 "'I'HEl.JY=25 
:NP=16:REI'URN 
4880 NP=8:REl'URN 
5000 
REN 
**** VIRGIN 
FUSE PA'rI'Em INITIALlZATICN 
**** 
5010 NB=0:CNTYGOT05020,5060,5160,5240,5320,5320,5320 
5020 FORY=0T063STEP8:FORX=OT031:F(X,Y)=0:F(X,Y+l)=0:F 
(X,Y+2)=2:F (X,Y+3)=2 
5030 F(X,Y+4)=2:F(X,Y+5)=2:F(X,Y+6)=2:F(X,Y+7)=2:NEXTX,Y 
5040 FORY=0T057STEP8:FORX=6T027STEP4:F(X,Y)=3:F(X+l,Y)=3:F(X,Y+l)=3 
5050 F(X+1,Y+l)=3:NEXTX,Y:REI'URN 
5060 IFOl'$="L"THENC=2ELSEC=3 
5070 FORY=0T063STEP56:FORX=OT031:GOSUB5340:NEXTX,Y 
5080 FORY=8T055STEP8:FQRX=OT031:F(X,Y)=0:F(X,Y+l)=0:F(X,Y+4)=2 
5090 F(X,Y+5)=2:F(X,Y+6)=2:F(X,Y+7)=2:NEXTX,Y 
5100 FORX=0T031:F(X,10)=0:F(X,11)=0:F(X,50)=0:F(X,51)=0:NEXTX 
5110 FORY=18T043STEP8:FQRX=OT031:F(X,Y)=2:F(X,Y+l)=2:NEXTX,Y 
5120 FORY=8T049STEP8:FORX=10T023STEP4:F(X,Y)=3:F(X,Y+l)=3 
5130 F(X+1,Y)=3:F(X+1,Y+1)=3:NEXTX,Y 
5140 FORY=10T051STEP40:FORX=10T023STEP4:F(X,Y)=3:F(X,Y+l)=3 
5150 F(X+l,Y)=3:F(X+l,Y+l)=3:NEXTX,Y:RErUm 
5160 IFOl'$="L"THENC=2ELSEC=3 
5170 FORY=0T063STEP8: IFY=16'I'HEl.JY=48 
5180 FORX=OT031:GOSUB5340:NEXTX,Y 
5190 FORY=16T047STEP8:FORX=OT031:F(X,Y)=0:F(X,Y+l)=0:F(X,Y+2)=0 
5200 F(X,Y+3)=0:F(X,Y+4)=2:F(X,Y+5)=2:F(X,Y+6)=2:F(X,Y+7)=2:NEXTX,Y 
5210 FORY=16T043STEP2:FORX=14T019STEP4:IFY=20THENY=24EI.SEIFY=28THENY=32 
5220 IFY=36'I'HEl.JY=40 
5230 F(X,Y)=3:F(X,Y+l)=3:F(X+l,Y)=3:F(X+l,Y+1)=3:NEXTX,Y:RETURN 
5240 IFCYI'$="L"'IHENC=2ELSEC=3 
5250 FORY=OT023STEP8:FORX=0T031:F(X,Y)=C:F(X,Y+l)=C:F(X,Y+2)=C 
5260 GOSUB5340:NEXTX,Y 
5270 IFOl'$="H"THENC=3EI.SEC=2 
5280 FORY=40T063STEP8:FQRX=0T031:GOSUB5340:NEXTX,Y 
5290 C=O 
5300 FORY=24T039STEP8:FORX=0T031:GOSUB5340:NEXTX,Y 
5310 RETURN 
5320 C=O :FORY=0T063STEP8 :FORX=0T031 :GOSUB5340 :NEXTX,Y 
5330 REl'URN 
5340 F(X,Y)=C:F(X,Y+l)=C:F(X,Y+2)=C:F(X,Y+3)=C:F(X,Y+4)=C 
5350 F(X,Y+5)=C:F(X,Y+6)=C:F(X,Y+7)=C:RETURN 
6000 
REN **** X-PLOT FUNCTICN 
**** 


OU.jU A.j='·X = ~Th""E INTACI' 
(L,N,O) 
- .= FUSE B~ 
(H,P,l)" 
6040 
A4="0 
= PHANrCM FUSE 
(L,N,O) 
0 = PHANrCM FUSE 
(H,P,l)" 
6050 
OOERROROOl'06900 
6060 
PRINI'''ENl'ER 
FILENAME (FILENAME/EX'I'.PASSmRD:D) 
FOR X-PLCYI'CXJTPur ? " 
6070 
LINEINPUI'X$ 
6080 
OPEN"O",l,X$ 
6090 
C=O:A(O) ="X" :A(l) 
="-" 
:A(2) ="0" :A(3) ="O":CIS 
:PRINrL (3) :PRINI""' 
6100 
CNERRORGJI'OO 
6110 
FORX=1T04:PRINI'i1,L(X) 
:NEXTX 
6120 
PRINri1,'"':PRINri1,"NUMBER 
OF FUSES B~ 
="~NB:PRINI'i1,"" 
6130 
PRINI':PRINI'''NUMBER 
OF FUSES B:LO'N =" ~NB:PRINI' 
6140 
PRINri1,Al:PRINI'i1,A2:PRINI'i1," 
" 
6150 
IFC=64THENPRINI'i1," 
":PRINri1,A3 
:PRINI'i1,A4 
:Al="" 
:A3=" " :A4="" :CLCSE:mruRN 
6160 
PRINI': PRINI'Al :PRINI'A2 :PRINI' 
6170 
FORY=OT07:GOSUB6200:NEXTY 
6180 
PRINri1," 
":PRINI':PRINI'''~:'' 
:PRINTA3 :PRINI'A4 
6190 
FORX=OTOBOO:NEXTX:CIS :00l'06150 
6200 
A=" 
":FORX=OT031STEP4:A=A+A(F(X,C»+A(F(X+l,C»+A(F(X+2,C»+A(F(X+3,C»+" 
" 
6210 
NEXTX:PRINTUSING"ii"~C~:PRINI'A 
6220 
PRINri1,USING"ii"~C~ 
:PRINTi1,A$ 
:C=C+1:RETURN 
6900 
GOSUB7210 :PRINI'" INVALID FILENAME":RESUME6050 
7000 
REM **** 
HEX FUNCTION **** 
7010 
A(0)="0":A(1)="1":A(2)="2":A(3)="3":A(4)="4":A(5)="5" 
7020 
A(6)="6":A(7)="7":A(8)="8":A(9)="9":A(10)="A":A(11)='~" 
7030 
A(12)="C" 
:A(13)="D" 
:A(14) 
="E":A(15)="F" 
7040 
0NERR0R<Dl'07200 
7050 
PRINI'''ENI'ER 
FILENAME (FILENAME/EX'I'•PASSWJRD:D) FOR HEX CXJTPur ? " 
7060 
LINEINPUI'X$ 
7070 
OPEN"O",l,X$ 
7080 
OOERRORGJI'OO 
7100 
PRINI':PRINT"NUMBER OF FUSES B:LO'N =" ~NB:PRINI' 
7110 
PRINI':PRINI'L(3):PRINI':PRINri1,CHR$(18)~CHR$(07)~CHR$(07) 
7120 
FORX=1T04:PRINI'i1,L(X):NEXTX 
7130 
PRINri1,'"':PRINri1,"NUMBER 
OF FUSES B:LO'N ="~NB:PRINI'i1,'"' 
7140 
PRINri1,CHR$(01)~CHR$(02)~ 
7150 
C=-1 :FCRY=0T039 :C=C+1 :A="" : IFY=8THENY=32 
7160 
FORX=OT031 
7170 
H=(F(X,Y)AND1)+(2*(F(X,Y+8)AND1»+(4*(F(X,Y+16)AND1»+(8*(F(X,Y+24)AND1» 
7180 
PRINI'A(H)+" 
"~:A=A+A(H)+" 
":NEXTX:PRINI':PRINI'i1,A:NEXTY 
7190 
PRINTt1,CHR$(20)~CHR$(07):CLOSE:RETURN 
7200 
GOSUB7210 :PRINI'''INVALID 
FILENAME":RESUME7040 
7210 
PRINI'"*** 
ERROR *** 
••• 
":RETURN 
8000 
REM *** 
BHLF AND BPNF FUNCTIONS *** 
8010 
0NERR0R<DI'08190 
8020 
PRINI'"ENl'ER 
FILENAME (FILENAME/EX'I'.PASSmRD:D) 
FOR B"~D1~DO~"F 
CX1I'PUI'? " 
8030 
LINEINPUI'X$ 
8040 
OPEN"O",l,X$ 
8050 
CNERRORGJI'OO 
8060 
PRINI':PRINI'L(3):PRINI':PRINI'i1,CHR$(18)~CHR$(07)~CHR$(07) 
8070 
FORX=1T04:PRINI'i1,L(X) 
:NEXTX:PRINI'i1,CHR$(01)~CHR$(02) 
8080 
FORY=OT039: IFY=8THENY=32 
8090 
FORX=OT031 


8100 PRINl'"B"::PRINl'il,"B": 
8110 C=24:GOSUB8170:C=16:GOSUB8170 
8120 C=8:GOSUB8170:C=0:GOSUB8170 
8130 PRINl'''F"::PRINTil, "F ": 
8140 IFX=7 ORX=15 ORX=23 ORX=31 THENPRINT"" :PRINTil," 
" 
8150 NEXTX,Y 
8160 PRINl':PRINl'il,CHR$(20):CHR$ (07):CLa3E:~ 
8170 IF {F(X,Y+c)ANDl) =O'IHENPRINTOO: :PRIN!'i1,DO: :REI'URN 
8180 PRINI'Dl::PRIN'I11,Dl::~ 
8190 GOSUB7210 :PRINl'"INVALID FILENAME" :RESUME8010 
9000 
REM *** FOR 16A4 AND 16X4 PALS ONLY *** 
9010 IFY<16ORY>47THEN2590 
9020 IFP=":"THENAl=MID$ 
(A,CN,3)ErSE00I'09060 
9030 IFAl=":+:"THENY=4* 
(!NT ({Y+4)/4» 
:GOSUB4410:CN=CN+3:00r03050 
9040 IFAl=":*:"THEN<rSUB7210:PRINl'"":*:" 
IS USED INSIDE PARENrHESES 
ONLY":END 
9050 GOSUB7210:PRINl'""":P:"" 
IS INVALID AS USED IN:":PRINl'''i'':A:END 
9060 N8=CN:N9=INSTR{CN,A,")"):Irn9=0'IHEN9050 
9070 Al=MID${A,N8,N9-N8+1) 
9080 N=VAL{RIGHT${Al,2» 
:Irn<00RN>3THEN9090ELSE9100 
9090 GCSUB7210 :PRINl'''INVALIDEXPRESSICN 
"":Al:""":END 
9100 X=N*4+8 
9110 NO=LEN{Al)-3:IrnO>6THEN9090 
9120 CNNOGOT09130,9150,9170,9180,9200,9250 
9130 C=2:GOSUB9300:IFMID$ 
(Al,2,1)="A"THENC= 3ELSEC=0 
9140 GOSUB9300:00I'09290 
9150 C=1:GOSUB9300 :IFMID$ (Al,3,1)="A'''I'HENC=OELSEC= 
3 
9160 GOSUB9300:00I'09290 
9170 AT=Al:ooro3260 
9180 C=2:GOSUB9300:IFINSTR{Al,"+")<>0'IHEN9290 
9190 C=0:GOSUB9300:C=3:GOSUB9300:00I'09290 
9200 IFINSTR{Al,"+B")<>OTHENC=0:GOSUB9300:00I'09290 
9210 IFINSTR{Al,"+/")<>0THENC=3:GOSUB9300:00I'09290 
9220 C=1:GOSUB9300:C=2:GOSUB9300 
9230 IFINSTR{Al, "*B")<>0'I'HENC=0:GOSUB9300:00I'09290 
9240 C=3:GOSUB9300:00I'09290 
9250 IFINSTR{Al,"+/")<>OTHENC=1:GOSUB9300:00I'09290 
9260 IFINSTR{Al, "+:") <>OTHENC=1:GOSUB9300:C=2:GOSUB9300:00I'09290 
9270 C=0:GOSUB9300:C=3:GOSUB9300 
9280 IFINSTR{Al,"*~')<>OTHENC=1:GOSUB9300:00I'09290 
9290 CN=CN+NO+3:00r03050 
9300 F{X+c,Y)=O:NB=NB-l:~ 
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The 
PAL family 
brings 
a unique 
flexibility 
to the field of logic 
design. 
Using 
PALs, designers 
can both 
replace conventional 
logic 
in existing 
products 
and 
optimize 
the 
design 
of 
new 
products. 
Previous 
sections 
discussed 
the PAL concept 
and 
provided 
information 
on 
the 
advantages 
gained 
and 
the 
techniques 
used when designing 
with PALs. This section shows 
PALs at work 
in applications 
ranging 
from 
simple 
logic 
gate 
replacement 
to complete 
system 
designs. 


Each 
example 
is presented 
as a complete 
PAL design. 
The 
required 
logic function 
is described, 
the PAL that best solves the 
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problem 
is selected, and the actual PAL logic implementation 
is 


shown. 
The 
PAL 
logic 
is 
shown 
as both 
the 
PAL 
design 
specification 
and 
the 
actual 
PALASM 
output 
for 
the 
PAL 
programmer. 
This 
makes 
the 
examples 
complete 
enough 
to 


serve as guides for designers 
using PALs in their own systems. 


The PAL is a versatile device whose applications 
are practically 


unlimited. 
These applications 
examples, combined 
with the PAL 
design 
information 
contained 
in the rest of this book, will help 
designers 
to get the feel of PAL design procedures. 
With a little 


practice 
and study, PAL design will become a natural extension 


of the normal 
logic 
design 
process. 


Basic Gates 


PAL12B6 
BGATES 
BASIC GATES 
MMI SUNNYVALE, 
CALIFORNIA 


C D F G M N P Q I GND J K L ROB 
E B A VCC 


PAL DESIGN SPECIFICATION 


VINCENT 
COLI 
06/12/81 


A-{>o-B 


~=D-E 


F==D- 
G 
H 


:==D--0 


F~ 
G~H 


:=0-0 


Basic Gates 


FUNCTION 
TABLE 


ABC 
D 
E 
F 
G 
H 
I 
J 
K 
L 
MNO 
P 
Q R 


:AB 
CDE 
FGH 
IJKL 
MNO 
PQR 
COMMENTS 
------------------------------------------------------------ 
LH 
XXX 
XXX 
XXXX 
xxx 
XXX 
TEST 
INVERTER 


HL 
XXX 
XXX 
XXXX 
xxx 
XXX 
TEST 
INVERTER 


XX 
LLL 
XXX 
XXXX 
xxx 
XXX 
TEST 
AND 
GATE 


XX 
LHL 
XXX 
XXXX 
xxx 
XXX 
TEST 
AND 
GATE 


XX 
HLL 
XXX 
XXXX 
xxx 
XXX 
TEST 
AND 
GATE 


XX 
HHH 
XXX 
XXXX 
xxx 
XXX 
TEST 
AND 
GATE 


XX 
XXX 
LLL 
XXXX 
XXX 
XXX 
TEST 
OR 
GATE 


XX 
XXX 
LHH 
XXXX 
XXX 
XXX 
TEST 
OR 
GATE 


XX 
XXX 
HLH 
XXXX 
XXX 
XXX 
TEST 
OR 
GATE 
XX 
XXX 
HHH 
XXXX 
XXX 
XXX 
TEST 
OR 
GATE 
XX 
XXX 
XXX 
LLLH 
XXX 
XXX 
TEST 
NAND 
GATE 


XX 
XXX 
XXX 
LLHH 
XXX 
XXX 
TEST 
NAND 
GATE 


XX 
XXX 
XXX 
LHLH 
XXX 
XXX 
TEST 
NAND 
GATE 


XX 
XXX 
XXX 
HLLH 
XXX 
XXX 
TEST 
NAND 
GATE 


XX 
XXX 
XXX 
HHHL 
XXX 
XXX 
TEST 
NAND 
GATE 


XX 
XXX 
xxx 
XXXX 
LLH 
XXX 
TEST 
NOR 
GATE 
XX 
XXX 
xxx 
XXXX 
LHL 
XXX 
TEST 
NOR 
GATE 


XX 
XXX 
xxx 
XXXX 
HLL 
XXX 
TEST 
NOR 
GATE 


XX 
XXX 
xxx 
XXXX 
HHL 
XXX 
TEST 
NOR 
GATE 
XX 
XXX 
xxx 
XXXX 
XXX 
LLL 
TEST 
EXCLUSIVE 
OR 
GATE 


XX 
XXX 
XXX 
XXXX 
XXX 
LHH 
TEST 
EXCLUSIVE 
OR 
GATE 
XX 
XXX 
XXX 
XXXX 
XXX 
HLH 
TEST 
EXCLUSIVE 
OR 
GATE 
DI 
XX 
xxx 
xxx 
XXXX 
XXX 
HHL 
TEST 
EXCLUSIVE 
OR 
GATE 
------------------------------------------------------------ 


DESCRIPTION 


THIS 
EXAMPLE 
ILLUSTRATES 
THE 
USE 
OF 
FUSIBLE 
LOGIC 
TO 
IMPLEMENT 
THE 
BASIC 
GATES: 
INVERTER, 
AND 
GATE, 
OR 
GATE, 
NAND 
GATE, 
NOR 
GATE, 
AND 
EXCLUSIVE 
OR 
GATE. 


THE 
FUNCTION 
TABLE 
EXERCISES 
ALL 
INPUTS 
AND 
TESTS 
BASIC 
FUNCTION 
PERFORMANCE. 
PALASM 
EXERCISES 
THE 
FUNCTION 
TABLE 
TO 
SIMULATE 
THE 
BASIC 
GATES. 


~ 
AAAAAAAAAAAAAAAAAtlUL 
2 XXXXXXXXXXXXXXXXXL11 
3 00XXXXXXXXXXXXXXLXX1 
4 01XXXXXXXXXXXXXXLXX1 
5 10XXXXXXXXXXXXXXLXX1 
6 11XXXXXXXXXXXXXXBXX1 
7 XXOOXXXXXXXXXXXLXXX1 
8 XX01XXXXXXXXXXXHXXX1 
9 XX10XXXXXXXXXXXBXXX1 
10 XX11XXXXXXXXXXXHXXX1 
11 XXXXXXXXOXOOBXXXXXX1 
12 XXXXXXXXOX01BXXXXXX1 
13 XXXXXXXXOX10BXXXXXX1 
14 XXXXXXXX1XOOBXXXXXX1 
15 XXXXXXXX1X11LXXXXXX1 
16 XXXXOOXXXXXXXXBXXXX1 
17 XXXX01XXXXXXXXLXXXX1 
18 XXXX10XXXXXXXXLXXXX1 
19 XXXX11XXXXXXXXLXXXX1 
20 XXXXXXOOXXXXXLXXXXX1 
21 XXXXXX01XXXXXHXXXXX1 
22 XXXXXX10XXXXXBXXXXX1 
23 XXXXXX11XXXXXLXXXXX1 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


24 
X--- 
25 
X- 


32 


40 
41 


48 
49 
50 


X- 
-X-- 
P*/Q 
-x 
X--- 
IP*Q 


-X-- II 
---X IJ 
---X ---- IK 


~~ 
~ 


1 
~ 
..• 
19 


•.. 
..• 


• 
.r 


18 
9 


10 


11 
~ 


j 
~ 
•... 


16 
11 


11 
~ 


4 
~ 
~ 


24 
16 
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\ 
.. 
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12 
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, 
~~ 
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40 
~ 
14 
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) 
~ 
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.. 


"'" 
.. 
13 
" 
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~ 
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~ 
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Basic Clocked Flip-Flops 


MMI SUNNYVALE, 
CALIFORNIA 
CLK J K T PR CLR D S R GND 
IOC ISRC ISRT /DC IDT ITC ITT IJKC IJKT VCC 


JKT 
:= 
J*/JKT*/CLR 
+ IK* JKT*ICLR 
+ 
PR 


JKC 
:= IJ* K 
*/PR 
+ IJ*/JKT*/PR 
+ 
K* JKT*/PR 
+ 
CLR 


TT 
:= 
T*/TT*/CLR 
+ IT* TT*ICLR 
+ 
PR 


TC 
:= 1T*/TT*/pR 
+ 
T* TT*/PR 
+ 
CLR 


DT 
:= 
D*/CLR 
+ 
PR 


DC 
:= /D*/PR 
+ 
CLR 


SRT 
:= 
S* 
ICLR 
+ IR* SRT*/CLR 
+ 
PR 


SRC 
:= IS* R 
*/PR 
+ IS* ISRT* IPR 
+ 
CLR 


;J-K FLIP-FLOP 
(TRUE) 
;(JKT = Q) 
;PRESET 
Q 


;J-K FLIP-FLOP 
(COMPLEMENT) 
; (JKC = IQ) 


;T FLIP-FLOP 
(TRUE) 
; (TT = Q) 
;P,JU:SETQ 


;T FLIP-FLOP 
(COMPLEMENT) 
; (TC = IQ) 
;CLEAR IQ 


;D FLIP-FLOP 
(TRUE) (DT 
Q) 
;PRESET Q 


;D FLIP-FLOP 
(COMPLEMENT) 
(DC 
IQ) 
;CLEAR IQ 


;SET-RESET FLIP-FLOP 
(TRUE) 
;(SRT = Q) 
;PRESET Q 


;SET-RESET FLIP-FLOP 
(COMPLEMENT) 
;(SRC = IQ) 
;CLEAR IQ 


Basic Clocked Flip-Flops 


FUNCTION 
TABLE 


CLK loe 
PR 
CLR 
J 
K JKT 
JKC 
T 
TT 
TC 
0 
OT 
DC S 
R 
SRT 
SRC 


CONTROL 
J-K 
FLIP-FLOP 
T FLIP-FLOP 
o FLIP-FLOP 
S-R 
FLIP-FLOP 


C 
1 
IN 
OUT 
IN 
OUT 
IN 
OUT 
IN 
OUT 


:LK 
OC 
PR 
CLR 
J 
K 
Q 
IQ 
T 
Q 
IQ 
0 
Q 
IQ 
S 
R 
Q 
IQ 
COMMENT 
------------------------------------------------------------------------------- 


X 
H 
X 
X 
X 
X 
Z 
Z 
x 
Z 
Z 
x 
Z 
Z 
x 
x 
Z 
Z 
HI-Z 


TEST 
J-K 
FLIP-FLOP 


C 
L 
L 
H 
X 
X 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
CLEAR 


C 
L 
L 
L 
L 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


C 
L 
L 
L 
L 
H 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


C 
L 
L 
L 
H 
H 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
TOGGLE 


C 
L 
L 
L 
H 
L 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


C 
L 
L 
L 
L 
L 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


C 
L 
L 
L 
L 
H 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


C 
L 
H 
L 
X 
X 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
PRESET 


C 
L 
L 
L 
H 
H 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
TOGGLE 
C 
L 
L 
L 
H 
L 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


TEST 
T 
FLIP-FLOP 


C 
L 
L 
H 
X 
X 
X 
X 
X 
L 
H 
X 
X 
X 
X 
X 
X 
X 
CLEAR 


C 
L 
L 
L 
X 
X 
X 
X 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 


C 
L 
L 
L 
X 
X 
X 
X 
H 
H 
L 
X 
X 
X 
X 
X 
X 
X 
TOGGLE 
D 
C 
L 
L 
L 
X 
X 
X 
X 
H 
L 
H 
X 
X 
X 
X 
X 
X 
X 
TOGGLE 


C 
L 
H 
L 
X 
X 
X 
X 
X 
H 
L 
X 
X 
X 
X 
X 
X 
X 
PRESET 


TEST 
0 
FLIP-FLOP 


C 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
X 
X 
X 
X 
CLEAR 
C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
X 
X 
X 
X 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
H 
H 
L 
X 
X 
X 
X 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
X 
X 
X 
X 


C 
L 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
H 
L 
X 
X 
X 
X 
PRESET 


TEST 
S-R 
FLIP-FLOP 


C 
L 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
CLEAR 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
H 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
L 
H 
L 
SET 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
RESET 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
L 
H 
HOLO 


C 
L 
H 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
L 
PRESET 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
H 
L 


C 
L 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
H 
L 
H 
L 


------------------------------------------------------------------------------- 


Basic Clocked Flip-Flops 


DESCRIPTION 
THIS EXAMPLE 
ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT THE BASIC 
FLIP-FLOPS: 
J-K FLIP-FLOP, T FLIP-FLOP, 
D FLIP-FLOP, AND S-R FLIP-FLOP. 


Q=L 
Q=H 
TYPE OF 
!-------------------!-------------------! 
FLIP-FLOP 
INPUT! 
Q+ = 
L! 
Q+ = 
H! 
Q+ = 
L! 
Q+ = 
H! 


!-----------!-------!---------!---------!---------!---------! 


NOTE THAT A PAL16L8 MAY BE SUBSTITUTED FOR THIS DESIGN. 
THEN THE CLOCK 
INPUT 


(CLK) WOULD BE GATED WITH THE DATA INPUTS TO IMPLEMENT THE BASIC FLIP-FLOPS. 


THE FUNCTION TABLE EXERCISES ALL INPUTS AND TESTS BASIC FUNCTION PERFORMANCE. 
PALASM EXERCISES THE FUNCTION TABLE TO SIMULATE THE BASIC CLOCKED 
FLIP-FLOPS. 


I 


1 XXXXXXXXXXIZZZZZZZZI 
2 CXXXOIXXXXOXXXXXXLHI 
3 COOXOOXXXXOXXXXXXLHI 
4 COIXOOXXXXOXXXXXXLHI 
5 CIIXOOXXXXOXXXXXXHLI 
6 CI0XOOXXXXOXXXXXXHLI 
7 COOXOOXXXXOXXXXXXHLI 
8 COIXOOXXXXOXXXXXXLHI 
9 CXXXI0XXXXOXXXXXXHLI 
10 CIIXOOXXXXOXXXXXXLHI 
11 CI0XOOXXXXOXXXXXXHLI 
12 CXXXOIXXXXOXXXXLBXXI 
13 CXXOOOXXXXOXXXXLHXXI 
14 CXXI00XXXXOXXXXHLXXI 
15 CXXI00XXXXOXXXXLBXXI 
16 CXXXI0XXXXOXXXXHLXXI 
17 CXXXOIXXXXOXXLHXXXXI 
18 CXXXOOOXXXOXXLHXXXXI 
19 CXXXOOIXXXOXXHLXXXXI 
20 CXXXOOOXXXOXXLHXXXXI 
21 CXXXI0XXXXOXXHLXXXXI 
22 CXXXOIXXXXOLHXXXXXXI 
23 CXXXOOXOOXOLHXXXXXXI 
24 CXXXOOXI0XOHLXXXXXXI 
25 CXXXOOXOIXOLHXXXXXXI 
26 CXXXOOXOIXOLHXXXXXXI 
27 CXXXI0XXXXOHLXXXXXXI 
28 CXXXOOXOOXOHLXXXXXXI 
29 CXXXOOXI0XOHLXXXXXXI 


Basic Clocked Flip-Flops 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


0 x-x- 
-x-- 
J*/JKT*/CLR 


1 --x 
-x-- 
-:-X-- 
/K*JKT*/CLR 


2 
x--- 
PR 


8 -x- 
x--- 
-x-- 
/J*K*/PR 


9 -xx- 
-x-- 
/J*/JKT*/PR 


10 --x 
x-- 
-x-- 
K*JKT*/PR 


11 
x--- 
CLR 


16 
x-x- 
-x- 
T*/TT*/CLR 


17 
-x-x 
-x-- 
/T*TT*/CLR 


18 
x--- 
PR 


24 
-xx- -x- 
/T*/TT*/PR 


25 
x--x -x- 
T*TT*/PR 


26 
x--- 
CLR 


32 
-x- 
x-- 
D*/CLR 


33 
x--- 
PR 


40 
-x-- 
-x- 
/D*/PR 


41 
x--- 
CLR 


48 
-x- 
x-- 
S*/CLR 


49 
-x-- 
---x -x- 
/R*SRT*/CLR 


50 
x--- 
PR 


56 
-x-- 
-x- 
x--- /S*R*/PR 


57 
-x-- 
-xx- 
/S*/SRT*/PR 


58 
x--- 
CLR 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,l) 


NUMBER 
OF FUSES BLOWN 
= 
686 


Basic Clocked Flip-Flops 
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Notes 


Memory Mapped I/O 


PAL16L2 


vcc 


ABF 


ABE 


ABD 


PORTO 


PORT1 


ABC 
DI 
ABB 


ABA 


Memory Mapped I/O 


Functional 
Description 


Memory mapped I/O interfaces I/O devices to a computer by 
treating the device's physical address as a memory address. 
This removes the requirement for. special I/O decoding and 
enhances the flexibility of the I/O system. The PAL provides a 
simple and direct method for implementing memory mapped I/O 
in mini and micro computer systems. 


The circuits shown in Figure 1 are typical of those found in 
memory mapped I/O applications. The inputs to the decode 
logic are the system memory address lines, AO-AF.The logic 
compares the address on the memory bus with the programmed 
comparison address. When an address on the bus matches, the 
I/O port enable signal is set. This enable signal can then be 
used in conjunction with other system control signals to trans- 
fer data to and from the system data bus. Other examples in 
this applications section cover this I/O control decoding in more 
detail. 


The PAL is used to monitor the system memory address bus. 
Typical microcomputers use a 16 bit address, so fully decoding 
the I/O addresses for two ports can be accomplished using the 
PAL 16L2. Partial decoding for a larger number of ports can be 
performed by other members of the PAL family. 


The logic equations for the memory mapped I/O logic are as 
follows: 


PORT 0 = ABO· AB1 .AB2 .AB3 .AB4 .ABS .AB6 .AB7 . 


AB8·AB9·ABA·ABB·ABC·ABD·ABE·ABF 


ABO·AB1·AB2·AB3·AB4·ABS·AB6·AB7· 
AB8·AB9·ABA·ABB·ABC·ABD·ABE·ABF 


The above example shows address decoding for 
memory 


locations 1F78 hex and 1F79 hex. Equation terms can be 
changed to accommodate any 16 bit address. 


In operation, the PAL enable outputs will go high whenever one 
of the programmed addresses matches the address on the 
system memory address bus. Since the PAL fully decodes the 
address, any two I/O address may be used. 


The PAL provides a single chip decoder for use in memory 
mapped I/O operations. This technique lowers interface parts 
counts and allows users an effective way to interface 
I/O 


devices to the microcomputer system. 


PORTO 
= 1F78 
PORT1 
= 1F79 


ABF 
ABF 


ABE 
ABE 


ABD 
ABD 


ABC 
ABC 


ABB 
ABB 


ABA 
ABA 


AB9 
AB9 


AB8 D 
AB8 
PORTO 
PDRTl 
AB7 
AB7 


AB8 
AB6 


ABS 
ABS 


AB4 
AB4 


AB3 
AB3 


AB2 
AB2 


ABl 
ABl 


ABO 
ABO 


MEMORY 
MAPPED 
10 
MEMORY 
MAPPED 
10 
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PAL16L2 
MMAP 
MEMORY MAPPED 
I/O 
MMI SUNNYVALE, CALIFORNIA 
ABO AB1 AB2 AB3 AB4 AB5 AB6 AB7 AB8 GND 
AB9 ABA ABB ABC /PORT1 /PORTO ABD ABE ABF VCC 


PAL DESIGN SPECIFICATION 
BIRKNER/COLI 
06/29/81 


PORTO 
/ABO*/AB1*/AB2* 
AB3* AB4* AB5* AB6*/AB7 


* 
AB8* AB9* ABA *ABB* ABC*/ABD*/ABE*/ABF 
;SELECT PORTO 


(lF78) 


PORT1 
ABO*/AB1*/AB2* 
AB3* AB4* AB5* AB6*/AB7 


* 
AB8* AB9* ABA* ABB* ABC*/ABD*/ABE*/ABF 
;SELECT PORT1 


(lF79) 


;---INPUTS AB---- 
;FEDCBA9876543210 
---OUTPUTS--- 
/PORTO /PORT1 


LLLLHHHHLHHHHLLL 
H 
H 
TEST OF78 


LLLHHHHLLHHHHLLL 
H 
H 
TEST 1E78 


LLLHHHHHHHHHHLLL 
H 
H 
TEST 1FF8 


LLLHHHHHLHHHLLLL 
H 
H 
TEST 1F70 


LLLHHHHHLHHHHLLL 
L 
H 
TEST 1F78 


LLLHHHHHLHHHHLLH 
H 
L 
TEST 1F79 
0 


LLLHHHHHLHHHHLHL 
H 
H 
TEST 1F7A 


LLLHHHHHHHHHHLLH 
H 
H 
TEST 1FF9 


LLLHHHHLLHHHHLLH 
H 
H 
TEST 1E79 


LLHHHHHHLHHHHLLH 
H 
H 
TEST 3F79 


LLLLLLLLT4LLLLLLL 
H 
H 
TEST ALL L'S 


HHHHHHHHHHHHHHHH 
H 
H 
TEST ALL H'S 


LHLHLHLHLHLHLHLH 
H 
H 
TEST ODD 
CHECKERBOARD 


HLHLHLHLHLHLHLHL 
H 
H 
TEST EVEN CHECKERBOARD 


LLHHLLHHLLHHLLHH 
H 
H 
TEST ODD 
DOUBLE CHECKERBOARD 


HHLLHHLLHHLLHHLL 
H 
H 
TEST EVEN DOUBLE CHECKERBOARD 


THIS PAL PROVIDES A SINGLE CHIP DECODER FOR USE IN MEMORY MAPPED 
I/O 


OPERATIONS. 
EQUATION TERMS CAN BE CHANGED 
TO ACCOMODATE 
ANY 16-BIT 


ADDRESS. 


THE PAL WILL MONITOR THE SYSTEM MEMORY ADDRESS BUS AND DECODE THE 
SPECIFIED MEMORY ADDRESS WORD 
(lF78,lF79) TO PRODUCE A PORT ENABLE 


PIN FOR PORTO AND PORT1. 


Memory Mapped I/O 


1 000111101X1110HH0001 
2 000111100X1111HH0001 
3 000111111X1111HH0001 
4 000011101X1111HH0001 
5 000111101X1111HL0001 
6 100111101X1111LH0001 
7 010111101X1111HH0001 
8 100111111X1111HH0001 
9 100111100X1111HH0001 
10 100111101X1111HH1001 
11 000000000XOOOOHH0001 
12 111111111X1111HH1111 
13 101010101X0101HH0101 
14 010101010X1010HH1011 
15 110011001X1001HH1001 
16 001100110X0110HH0111 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


1 
•..~ 
•.. 


2 
•.. 


19 


•.. 
..• 


1 


3 
•.. 
~ 
lB 


•.. 
..• 


• 
•.. 


17 
~ 
•.. 
..• 


14 
" 
16 
21 
16 


" 
./' 


19 
30 
1I 


5 
... 
•.. 


J1 
JJ 
" 
l\ 
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IS 


J6 
JI 
J8 
" 
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~ 
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Memory Interface Logic for 
6800 Microprocessor Bus 


Memory Interface Logic for 6800 Microprocessor Bus 


M6800 Memory Interface 


Functional 
Description 
The M6800 microprocessor 
is interfaced to memories by de- 
coding the system memory address bus and several system con- 
trol lines to generate the required memory control signals. This 
function is normally performed by combinatorial logic. In many 
applications, 
however, 
the 
PAL provides 
a more 
effective 
solution. 


The logic schematic shown in Figure 1 is typical of most M6800 
memory interfaces. The circuit shown is a 2048 x 8 bit static 
memory organized as four 1k x 4 bit RAM chips. The inputs to 
the 
RAM are the 10 memory 
address 
lines to select 
the 
individual 
memory 
location, the read/write 
line to determine 
whether data is to be read from or written into the memory, and 
the chip enable line to allow the device to perform the requested 
data transfer. Data to be written into the memory must be stable 
on the system data bus when the write signal is given. Data read 
from the memory will be placed on the data bus within one 
memory access time after the address has been decoded and 
the read signal given. 


The circled area of combinatorial logic in Figure 1 is used to de- 
code the 6800 address and control signals. Address bits 0-9 
are routed directly to all four memory chips. Bit 10 is used to 
select whether chips 0 and 1 or chips 2 and 3 are to be selected. 
Bits 12-15 are connected to the A inputs of a digital compara- 
tor whose B inputs are jumpered to select the memory page ad- 
dress. If the memory is to be located from 0-800H (the first 2k 
page in the memory), all four comparator B inputs would be 
grounded. 
Then, 
whenever 
an address 
with bits 12-15 low 
appeared on the bus, a match would occur and the memory 
would be selected. Changing the jumpers allows the memory to 
be used anywhere in the 6800's address space or allows the 
use of multiple cards to construct a larger memory. 


The read/write 
control logic for the memory is generated 
by 
decoding the read/write 
(R/W), phase 2 clock (Phase2), and 
valid memory address (Vphase2) system control lines. A logic 
high on the R/W line indicates a memory read; a logic high 
indicates a memory write. 


The valid memory address line (Vphase2) is used to enable the 
address decoder output. When this enable occurs, the state of 
the address select and read/write 
logic is established. Then, 


when the phase 2 clock goes high, the memory transfer is 
performed. The relationship between the signals for both read 
and write operations is shown in Figure 2. (Consult 6800 data 
book for detailed design information.) 


All of the combinatorial logic in the circled area of figure 1 can be 
replaced 
by a single 
PAL. This will lower system 
cost 
by 


reducing the device package count and lowering PC. board 
area. The logic section has eight input terms and six output 
terms. Referring to the PAL family table it is seen that the PAL 
10L8 fits the task nicely. The only tricky part of the transition from 
combinatorial 
logic to a PAL is encountered 
in the address 
decoding section. In the original circuit the decoder is jumpered 
with a match address for use during the address comparison. 
With the PAL, the address is programmed directly into the gate 
array. 


WEOEO= 
A10· A12· A13· A14· A15· PHASE2· VPHASE2· RW 


WEOEl 
= Al0·A12·A13·A14·A15·PHASE2·VPHASE2· 
RW 


CSODO = Al0· A12· A13· A14· A15· PHASE2 
CSODl 
= Al0· A12· A13· A14· A15· PHASE2 


CEO = CSODO 
CEl = CSODl 


The above equations show the decoder set for page 0 (0-800H), 
but this could be easily changed 
by modifying the address 


terms. Note that the CEO and CE1 terms can either be derived 
directly or by feeding the CSODO and CSOD1 terms back into 
the PAL as inputs. 
"-"- 
HIGH 
= READ 


R/W 
B< 
>s 


LOW 
= WRITE 


ADDRESS~ 
~ 


DATA 
~ 
~ 
-----~ 


Figure 2 


PHASE2 


VPHASE2 
-.../ 


The PAL makes an effective direct logic replacement in many 
combinatorial logic applications. This can make both new and 
old designs more cost effective. In this example, the PAL both 
lowers package count and increases circuit reliability in a typical 
microcomputer memory application. These advantages can be 
easily extended to similar designs. 


MMI SUNNYVALE, CALIFORNIA 
A10 A12 A13 A14 A15 PHASE2 VPHASE2 RW 9 GND 
11 CSODl CSODO NC NC /CEl /CEO WEOEl WEOEO VCC 


/WEOEO 
/A10*/A12*/Al3* 
A14*/A15* 
PHASE2* VPHASE2*/RW 
;DEC WRITE ENABLE CHIP 0 


!WEOEl 
A10*/A12*/Al3* 
A14* A15* PHASE2* VPHASE2*/RW 
;DEC WRITE 
ENABLE CHIP 
1 


/CSODO 
/A10*/A12*/A13*/A14*/A15* 
PHASE2 
;DECODE OUTPUT DISABLE CHIP 0 


/CSODl 
A10*/A12*/A13* 
A14*/A15* 
PHASE2 
;DECODE OUTPUT DISABLE CHIP 
1 


CEO 
9 
;ENABLE CHIP 0 
(COMPLEMENT OF CSODO) 


CEl 
11 
;ENABLE CHIP 1 (COMPLEMENT OF CSOD1) 


FUNCTION TABLE 


A10 A12 Al3 A14 A15 PHASE2 VPHASE2 RW 9 11 WEOEO WEOEl 
/CEO /CEl CSODO CSODl 


;ADD BUS 
; 11111 
PHASE R PINS 
WRITE-ENABLE 
CHIP-ENABLE 
OUTPUT-DISABLE 


; 02345 
2 
V2 W 9 11 
0 
1 
0 
1 
0 
1 
COMMENTS 
------------------------------------------------------------------------------- 
LLLHL 
H 
H 
L H H 
L 
H 
L 
L 
H 
H 
WRITE EN 0 
HLLHH 
H 
H 
L H H 
H 
L 
L 
L 
H 
H 
WRITE EN 1 
LLLLL 
H 
X 
X L H 
H 
H 
H 
L 
L 
H 
OUTPUT EN 0 
HLLHL 
H 
X 
X H L 
H 
H 
L 
H 
H 
L 
OUTPUT EN 1 
LLLHL 
H 
H 
H H H 
H 
H 
L 
L 
H 
H 
RW=H 
HLLHH 
H 
H 
H H H 
H 
H 
L 
L 
H 
H 
RW=H 
XXXXX 
L 
X 
X H H 
H 
H 
L 
L 
H 
H 
PHASE2=L 
LLLHL 
H 
L 
L H H 
H 
H 
L 
L 
H 
H 
VPHASE2=L 
HLLHH 
H 
L 
L H H 
H 
H 
L 
L 
H 
H 
VPHASE2=L 


THIS DEVICE PROVIDES THE INTERFACE LOGIC BETWEEN A 6800 MICROPRESSOR 
BUS 
AND FOUR STATIC 4k MEMORY CHIPS. 
ADDRESS BUS 
(A), READ/WRlTE 
(RW), PHASE 2 
CLOCK 
(PHASE2), AND VALID MEMORY ADDRESS 
(VPHASE2) ARE DECODED TO PRODUCE 
THE PROPER WRITE ENABLE 
(WEOE), CHIP ENABLE 
(CE), AND OUTPUT DISABLE 
(CSOD) 
SIGNALS FOR MEMORY DATA TRANSFERS. 


NOTE THAT /CEO AND /CEl ARE THE COMPLEMENTS 
OF CSODO AND CSOD1, RESPECTIVELY. 
THESE FUNCTIONS ARE IMPLEMENTED BY THE EXTERNAL CONNECTIONS 
CSODO TO PIN 9 AND 
CSODl TO PIN 11. 


Memory Interface Logic for 6800 
Microprocessor Bus 


1 OOOlOllOlXlHBXXLLBLl 
2 lOOllllOlXlHBXXLLLHl 
3 OOOOOlXXOX1HLXXLHHHl 
4 lOOlOlXX1XOLHXXHLHBl 
5 OOOlOllllX1HBXXLLHBl 
6 lOOllllllXlHBXXLLHBl 
7 XXXXXOXXlXlHBXXLLHHl 
8 OOOlOlOOlX1HBXXLLHBl 
9 lOOlllOOlX1HBXXLLHBl 


11 
1111 
1111 
2222 
2222 
2233 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


Memory Interface Logic for 6800 Microprocessor Bus 
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Video Logic 


Video Logic 


Many microcomputer systems use a CRT monitor or con- 
ventional television rather than a VDU perhaps becauseof cost 
reduction or because a color display is necessary. 


The circuit diagram shows all of the TTL chips used on a video 
interface board. 


The top portion is the color and blanking drive decoding and the 
lower is the enable logic for PROMs and registers containing 
driving data. The LS03s are open collector drivers and the two 
bank drive decoders are wire-ORed using 2kO resistors. 


LS03 x 2 
LS20 x 1 


LSOO x 1 
LS04 x 1 


5 CHIPS 
AND 4 x 2K RESiSTORS 


All of the logic can be put into one PAL20L10. also eliminating 
the pull-up resistors. This provides a dramatic reduction in 
component count and board size. The wire-OR configuration is 
an obvious candidate for PAL implementation, since the logic 
function IF 
= A • B + C • 0 is exactly in the PAL configuration. 


ONE 
PAL20L 10 


WITH 14 INPUTS 
AND 8 OUTPUTS 


Video Logic 


PAL20LI0 
VIDLOG 
VIDEO LOGIC 
MMI ENGLAND 
CB2 CB3 CB4 CB5 CB6 CB7 BLKO BLKI Gl HI H2 GND 
H4 ENI R G B X LOAD1 LOADO BO Bl BLK VCC 


PAL DESIGN SPECIFICATION 
HARRY HUGHES 
02/18/81 


IF 
(VCC) /LOADI 
Hl* H2* H4*/Bl 
+ 
Hl* H2* H4* Bl* BO 


IF 
(VCC) /ENI 
Bl* BO 


IF 
(VCC) /R 
CB4* BLKI 
+ 
CB2* BLKO 


IF 
(VCC) /G 
CB5* BLK! 
+ 
CB3* BLKO 


IF 
(VCC) /B 
CB6* BLKI 
+ /CB2*/CB3* 
BLKO 


IF 
(VCC) /X 
CB7* BLKI 


IF 
(VCC) /BLK 
/Gl*/BLKl*/BLKO 
+ /Gl*/BLKO*/CB4*/CB5*/CB6*/CB7 


,CCCCCC 
,BBBBBB 
,234567 


-BLANK- 
BLK BLK 
o 
1 


E 
G 
HHH 
BB 
N 
1 
124 
10 
1 
LOAD 
1 
0 


XXXXXX 
X 
X 
X 
HHH 
HL 
X 
X X X X 
H 
L 
X 
LOADO 
XXXXXX 
X 
X 
X 
HHH 
LL 
X 
X X X X 
L 
L 
X 
LOAD 1 
XXXXXX 
X 
X 
X 
HHH 
HH 
L 
X X X X 
L 
H 
X 
LOADI 
XXXXXX 
X 
X 
X 
LLL 
HH 
L 
X X X X 
H 
H 
X 
ENI 
XXHXXX 
X 
H 
X 
XXX 
XX 
X 
L X X X 
X 
X 
X 
R 
HXXXXX 
H 
X 
X 
XXX 
XX 
X 
L X X X 
X 
X 
X 
R 
XXXHXX 
X 
H 
X 
XXX 
XX 
X 
X L X X 
X 
X 
X 
G 
XHXXXX 
H 
X 
X 
XXX 
XX 
X 
X L X X 
X 
X 
X 
G 
XXXXHX 
X 
H 
X 
XXX 
XX 
X 
X X L X 
X 
X 
X 
B 
LLXXXX 
H 
X 
X 
XXX 
XX 
X 
X X L X 
X 
X 
X 
B 
XXXXXH 
X 
H 
X 
XXX 
XX 
X 
X X X L 
X 
X 
X 
X 
XXXXXX 
L 
L 
L 
XXX 
XX 
X 
X X X X 
X 
X 
L 
BLK 
XXLLLL 
L 
X 
L 
XXX 
XX 
X 
X X X X 
X 
X 
L 
BLK 


DESCRIPTION 
THIS PAL REPLACES ALL OF THE TTL LOGIC USED ON A VIDEO DRIVER BOARD 
(5 ICs) 
TOGETHER WITH 
4 PULL-UP RESISTORS. 


1 XXXXXXXXX11X1XXXXXHL01X1 
2 XXXXXXXXX11X1XXXXXLLOOXI 
3 XXXXXXXXX11X1LXXXXLH11X1 
4 XXXXXXXXXOOXOLXXXXHH11X1 
5 XX1XXXX1XXXXXXLXXXXXXXXI 
6 1XXXXX1XXXXXXXLXXXXXXXXI 
7 XXX1XXX1XXXXXXXLXXXXXXXI 
8 X1XXXX1XXXXXXXXLXXXXXXXI 
9 XXXX1XX1XXXXXXXXLXXXXXXI 


10 00XXXX1XXXXXXXXXLXXXXXXI 
11 XXXXX1X1XXXXXXXXXLXXXXXI 
12 XXXXXXOOOXXXXXXXXXXXXXLI 
13 XXOOOOOXOXXXXXXXXXXXXXLI 


PASS SIMULATION 


VIDEO LOGIC 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


0 
1 
-X-- -x-- -X-- 
/G1*/BLK1*/BLKO 


2 
-x-- -x-- -x- 
-x-- -x-- 
-x-- 
/G1*/BLKO*/CB4*/CB5*/CB- 


24 
25 
---x 
x-- 
x-x- /BO*H1*H2*H4 


32 
33 
--x 
x--- x-x- H1*H2*H4*/B1 


34 
--x- -x- 
x--- x-x- H1*H2*H4*B1*BO 


40 
41 
x--- 
x-- 
CB7*BLK1 


48 
--- 


49 
x--- 
x-- 
CB6*BLK1 


50 -X-X 
X--- 
/CB2*/CB3*BLKO 


56 
57 
x--- 
x-- 
CB5*BLK1 


58 x--- 
x--- 
CB3*BLKO 


64 
65 
x--- 
x-- 
CB4*BLK1 


66 -x- 
x--- 
CB2*BLKO 


72 
73 
-x- 
--x- 
B1*BO 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
FUSE BLOWN 
(H,P,l) 


NUMBER OF FUSES BLOW = 
801 


4·34 


Video Logic 
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Notes 


Binary to BCD Converter 


The purpose of this circuit is to convert a serial stream of binary 
data into a parallel BCD representation as depicted by Figure 1. 


In this conversion technique 
(Ref. 1), the input binary data is 


shifted left (starting with the MSB) into the BCD register. The 
beauty of this method is that after each clock pulse. the BCD 
output contains correct BCD representation 
for the "relative" 


binary data shifted so far. We illustrate the last statement in 
Figure 2. 


The overall conversion problem can be segmented into four-bit 
binary blocks. Each block represents 
one BCD digit and is 


expandable 
by CIN and COUT 
The BCD building block, is 


shown in Figure 3 as a state machine. 


The combinational network can be designed from a "next-state" 
truth table. The truth table can be constructed by observing that 
a left shift is a mU~iplication by 2, and a carryin 
adds 1 to 


the LSB. 


BCD (next state): = 2- BCD (present state) + CIN 
Of course. if it were binary it will be simply, 


However. BCD requires some corrections 
as will be shown 


shortly. For simplicity we analyze the three relevent cases: 


b) BCD (present state): = 5 - 
9 
then BCD (next state): = 10 - 18 which are not represent- 
able in one BCD digit. and a carry out is generated. 
e.g. If BCD (present state): = 6 
then BCD (next state): = 2 and COUT = 1 


c) If CIN = 1 then it is simply shifted into the LSB of the BCD 
digit (the old LSB was shifted left leaving a zero in its 
original position). 
Thus. regardless of the BCD (present state) value, the 
following is true: 


BO (next state): = CIN 


PRESENT 
NEXT 
STATE 
STATE 
COUl 
83-80 
83-Bo 
0-4 
0-8 
0 
5-' 
0-8 
1 
10-15 
DON'TCARE 
DON'TCARE 


PRESENT 
NEXT 


n 
STATE 
STATE 


COUT 


8382 
81 So 8382 B, 80 


0 
0 
0 
0 
0 
0 
0 
o CIN 


1 
0 
0 
0 
1 
0 
0 
1 CIN 
0 
2 
0 
0 
1 
0 
0 
1 
o C,N 
0 
3 
0 
0 
1 
1 
0 
1 
1 CIN 
0 
4 
0 
1 
0 
0 
1 
0 
o C,N 
0 
5 
0 
1 
0 
1 
0 
0 
o C,N 
1 
6 
0 
1 
1 
0 
0 
0 
1 
CIN 
1 


7 
0 
1 
1 
1 
0 
1 
o C,N 
1 


8 
1 
0 
0 
0 
0 
1 
1 CIN 
1 
• 
1 
0 
0 
1 
1 
0 
o C,N 
1 


10-15 
X 
X 
X 
X 
X 


nt state): = 0 - 
4 
128 
64 
32 ,. 
8 
4 
2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
LAST SHIFT 


ext state): = 0 - 
8 which are representable 
64 
32 
,. 
8 
4 
2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
7TH SHIFT 


at 
32 
I. 
8 
4 
2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
6TH SHIFT 
,. 
8 
4 
2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
5TH SHIFT 


8 
4 
2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
4TH SHIFT 


4 
2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
3RD SHIFT 


2 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
2ND SHIFT 


I 
CONVERSION 
REGISTER 
1 
_ 
RELATIVE WEIGHT 
BEFORE 
1ST SHIFT 


~ 


10' 
I 
10' 
10' 
1 
0 
0 
1 
0 
0 
0 
0 
_ 
BINARY INPUT 


I 
1 
0 
0 
1 
0 
0 
0 
0 
_ 
1 SHIFTED 
IN 


I 
I 
1 
0 
0 
1 
0 
0 
0 
0 
_ 
2 SHIFTED 
IN 


I 
. 
I 
I 
0 
0 
1 
0 
0 
0 
0 
_ 
4 SHIFTED 
IN 
, 
I 
I 
0 
0 
1 
0 
0 
0 
0 
_ 
9 SHIFTED 
IN 


, 
; 
I 
1 
1 
0 
0 
0 
0 
0 
0 
_18 
SHIFTEDIN 


1 
I 
0 
I 
1 
0 
0 
0 
_ 
36 SHIFTED 
IN 


, 
1 
I 
1 
0 
o 
I 
1 
0 
0 
_72 
SHIFTEDIN 


1 
I 
0 
1 
0 
0 
0 
1 
I 
0 
0 
_144 
SHIFTED IN 


I 
1 
I 
4 
4 


a) BCD (prese 
then BCD (n 
in BCD form 


The PAl16R8 implements two BCD digits. One of the pins is 
assigned to the clear (CLR) function. 
The 
BCD conversion 
register must be initialized to zero before shifting of the binary 
input data is started. The eight output registers are assigned to 
the two BCD digits. 


At this point, it seems that we are short of one output pin for the 
COUT in expanding to more BCD digits. However, the basic 
equations indicate that COUT is a function of the four preceding 
BCD bits. Therefore, 
by inputting these four bits to the next 


stage, the COUT is derived internally by the latter stage. A 
similar trick is used in each chip to cascade internally. 


This expansion solution implies that in the least significant BCD 
stage the equation is: 


where the C terms are driven by the corresponding B terms of a 
preceding stage. However, in order to have a universal solution, 
we OR the two equations. 
If the PAL is used as the least 


significant stage C10, C11, C12 and C13 are grounded and 
equation (1) holds. If the PAL is used as an intermediate stage, 
CIN is grounded and equation (2) holds. 


VCC 


.001 
B01 
BCD 


- 
0 
B02 


B03 
"'j 


B11 
BCD 


B12 
10 


B13 


-= 


j 


BCD 
100 


j 


BCD 
1000 


A similar algorithm was described in Ref. 2, where the two BCD 
digits were implemented with four ICs and could be clocked at 
80 ns. Here we described one chip implementation that can be 
clocked at 60 ns. 


Binary to BCD Converter 


PAL16R8 
BBCD 
BINARY 
TO BCD 
CONVERTER 


MMI 
SUNNYVALE, 
CALIFORNIA 


CLK 
/CLR 
CIN 
/C10 
/C11 
/C12 
/C13 
NC 
NC GND 


/OC 
/B13 
/B12 
/B11 
/B10 
/B03 
/B02 
/B01 
/BOO 
VCC 


PAL 
DESIGN 
SPECIFICATION 


S. WASER/V. 
COLI 
09/14/81 


BOO 
:= /CLR* 
CIN 


+ /CLR* 
Cl3 
+ /CLR* 
C12* 
C10 


+ /CLR* 
C12* 
Cll 


B01 
:= /CLR*/B03*/B02* 
BOO 


+ /CLR* 
B03*/BOO 


+ /CLR* 
B02* 
B01*/BOO 


B02 
:= /CLR* 
B01* 
BOO 


+ /CLR*/B02* 
B01 


+ /CLR* 
B03*/BOO 


B03 
:= /CLR* 
B02*/B01*/BOO 


+ /CLR* 
B03* 
BOO 


B10 
:= /CLR* 
B03 
+ /CLR* 
B02* 
BOO 


+ /CLR* 
B02* 
B01 


Bll 
:= /CLR* /Bl3* /B12* 
B10 


+ /CLR* 
Bl3 */B10 


+ /CLR* 
B12* 
B11*/B10 


B12 
:= /CLR* 
Bll* 
B10 


+ /CLR*/B12* 
Bll 


+ /CLR* 
Bl3 */B10 


Bl3 
:= /CLR* 
B12*/Bll*/B10 


+ /CLR* 
Bl3* 
B10 


Binary to BCD Converter 


FUNCTION TABLE 


crn Cl3 
C12 
C11 
Cl0 
ICLR 
CLK lac 
B13 
B12 
Bll 
Bl0 
B03 
B02 
BOl 
BOO 


; INPUTS 
CONTROL 
-OUTPUTS- 


; 
CARRY 
I 
(BCD) 


;C CCCC 
C C I 
BBBB BBBB 


;I 
1111 
L L 0 
1111 
0000 


;N 3210 
R K C 
3210 
3210 
COMMENTS 


------------------------------------------------------------------------------- 
x XXXX 
L C L 
LLLL LLLL 
CLEAR (0) 


H LLLL 
H C L 
LLLL LLLH 
SERIAL 
INPUT A H (1) 


H LLLL 
H C L 
LLLL LLHH 
SERIAL 
INPUT A H (3) 


L LLLL 
H C L 
LLLL LHHL 
SERIAL 
INPUT A L 
(6) 


H LLLL 
H C L 
LLLH LLHH 
SERIAL 
INPUT A H (13) 


X XXXX 
L C L 
LLLL LLLL 
CLEAR (0) 


H LLLL 
H C L 
LLLL LLLH 
SERIAL 
INPUT A H (1) 


L LLLL 
H C L 
LLLL LLBL 
SERIAL 
INPUT A L 
(2) 


L LLLL 
H C L 
LLLL LBLL 
SERIAL 
INPUT A L 
(4) 


L LLLL 
H C L 
LLLL BLLL 
SERIAL 
INPUT A L 
(8) 


H LLLL 
H C L 
LLLH LHHH 
SERIAL 
INPUT A H (17) 


L LLLL 
H C L 
LLHH LBLL 
SERIAL 
INPUT A L 
(34) 


L LLLL 
H C L 
LHHL BLLL 
SERIAL 
INPUT A L 
(68) 


X XXXX 
L C L 
LLLL LLLL 
CLEAR (0) 


H LLLL 
H C L 
LLLL LLLH 
SERIAL 
INPUT A H (1) 


L LLLL 
H C L 
LLLL LLBL 
SERIAL 
INPUT A L 
(2) 


H LLLL 
H C L 
LLLL LBLH 
SERIAL 
INPUT A H (5) 


H LLLL 
H C L 
LLLH LLLH 
SERIAL 
INPUT A H (11) 
D 
L LLLL 
H C L 
LLBL LLBL 
SERIAL 
INPUT A L 
(22) 


H LLLL 
H C L 
LHLL LBLH 
SERIAL 
INPUT A H (45) 


L LLLL 
H C L 
BLLH LLLL 
SERIAL 
INPUT A L 
(90) 


X XXXX 
L C L 
LLLL LLLL 
CLEAR REGISTERS 
TO TEST CASCADABILITY 


L HLLH 
H C L 
LLLL LLLH 
SERIAL 
INPUT A L 
(178) 
(TEST 
BCD 100, 
1000) 
LLHHH 
H C L 
LLLL LLHH 
SERIAL 
INPUT A L 
(360) 
(TEST 
BCD 100, 
1000) 
LLHHL 
H C L 
LLLL LHHH 
SERIAL 
INPUT A L 
(720) 
(TEST 
BCD 100, 
1000) 


L LLHL 
H C L 
LLLH LHLL 
SERIAL 
INPUT A L 
(1440) 
(TEST 
BCD 100, 
1000) 
L LHLL 
H C L 
LLHL HLLL 
SERIAL 
INPUT A L 
(2880) 
(TEST 
BCD 100, 
1000) 
L HLLL 
H C L 
LHLH LHHH 
SERIAL 
INPUT A L 
(5760) 
(TEST 
BCD 100, 
1000) 
X XXXX 
L C L 
LLLL LLLL 
CLEAR (0) 


H LLLL 
H C L 
LLLL LLLH 
SERIAL 
INPUT A H (1) 


H LLLL 
H C L 
LLLL LLHH 
SERIAL 
INPUT A H (3) 


H LLLL 
H C L 
LLLL LHHH 
SERIAL 
INPUT A H (7) 


H LLLL 
H C L 
LLLH LHLH 
SERIAL 
INPUT A H (15) 


H LLLL 
H C L 
LLHH LLLH 
SERIAL 
INPUT A H (31) 


H LLLL 
H C L 
LHHL LLHH 
SERIAL 
INPUT A H (63) 


X XXXX 
L C L 
LLLL LLLL 
CLEAR REGISTERS 
TO TEST CASCADABILITY 


L LHHL 
H C L 
LLLL LLLH 
SERIAL 
INPUT A H (127) 
(TEST 
BCD 100, 
1000) 
L LLHL 
H C L 
LLLL LLHL 
SERIAL 
INPUT A H (255) 
(TEST 
BCD 100, 
1000) 
L LHLH 
H C L 
LLLL LHLH 
SERIAL 
INPUT A H (511) 
(TEST 
BCD 100, 
1000) 
L LLLH 
H C L 
LLLH LLLL 
SERIAL 
INPUT A H (1023) 
(TEST 
BCD 100, 
1000) 
L LLHL 
H C L 
LLHL LLLL 
SERIAL 
INPUT A H (2047) 
(TEST 
BCD 100, 
1000) 
L LHLL 
H C L 
LHLL LLLL 
SERIAL 
INPUT A H (4097) 
(TEST 
BCD 100, 
1000) 
L HLLH 
H C L 
HLLL LLLH 
SERIAL 
INPUT A H (8196) 
(TEST 
BCD 100, 
1000) 
X xxxx 
x X H 
ZZZZ ZZZZ 
TEST HI-Z 


------------------------------------------------------------------------------- 


THE FUNCTION OF THIS 
PAL IS 
TO CONVERT A SERIAL 
STREAM OF BINARY DATA 


INTO A PARALLEL BCD REPRESENTATION. 
AFTER EACH CLOCK PULSE, 
THE BCD 


OUTPUT CONTAINS THE CORRECT BCD REPRESENTATION FOR THE RELATIVE 
BINARY 


DATA SHIFTED 
SO FAR. 


THE INPUT BINARy 
DATA IS 
SHIFTED 
LEFT 
(STARTING 
WITH THE MSB) 
INTO THE 


BCD REGISTER. 
THIS 
TECHNIQUE IS 
KNOWNAS COULEURI S TECHNIQUE 
(BIDEC). 


PRESENT 
STATE 
B3-BO 


NEXT 
STATE 
B3-BO 


0-4 
5-9 
10-15 


0-8 
0-8 


X 


1 COXXXXXXXXOHHHHHHHH1 
2 C111111XXXOHHHHHHHL1 
3 C111111XXXOHHHHHHLL1 
4 C101111XXXOHHHHHLLHl 
5 C111111XXXOHHHLHHLL1 
6 COXXXXXXXXOHHHHHHHHl 
7 C111111XXXOHHHHHHHL1 
8 C101111XXXOHHHHHHLHl 
9 CI01111XXXOHHHHHLHH1 
10 C101111XXXOHHHHLHHHl 
11 C111111XXXOHHHLHLLL1 
12 C101111XXXOHHLLHLHHl 
13 C101111XXXOHLLHLHHHl 
14 COXXXXXXXXOHHHHHHHHl 
15 C111111XXXOHHHHHHHL1 
16 C101I11XXXOHHHHHHLHl 
17 CI11111XXXOHHHHHLHL1 
18 C1I1111XXXOHHHLHHHL1 
19 C101111XXXOHHLHHHLHl 
20 C11I111XXXOHLHHHLHL1 
21 C101111XXXOLHHLHHHHl 
22 COXXXXXXXXOHHHHHHHHl 
23 C1001IOXXXOHHHHHHHLl 
24 C100001XXXOHHHHHHLL1 
25 C101001XXXOHHHHHLLL1 
26 C101011XXXOHHHLHLHHl 
27 C101101XXXOHHLHLHHHl 
28 C101110XXXOHLHLHLLL1 
29 COXXXXXXXXOHHHHHHHHl 
30 C111111XXXOHHHHHHHL1 
31 C111111XXXOHHHHHHLL1 
32 C111111XXXOHHHHHLLL1 
33 C111111XXXOHHHLHLHL1 
34 C111111XXXOHHLLHHHL1 
35 C111111XXXOHLLHHHLLl 
36 COXXXXXXXXOHHHHHHBHl 
37 C101001XXXOHHHHHHHL1 
38 C101011XXXOHHHHHHLHl 
39 C100101XXXOHHHHHLHL1 
40 C100111XXXOHHHLHHHHl 
41 C101011XXXOHHLHHHHH1 
42 C101101XXXOHLHHHHHH1 
43 C100110XXXOLHHHHHHL1 
44 XXXXXXXXXXlZZZZZZZZ1 


BINARY TO BCD CONVERTER 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


0 x--- x--- 
1 x--- 
-x-- 


2 x--- 
-x- 
-x-- 


3 x--- 
-x-- -x-- 


8 x-x 
--- 
-x- 
--x- 


9 x-x- 
---x 


10 x-x- ---x ---x --- 


/CLR*CIN 
/CLR*C13 
/CLR*C12*C10 
/CLR*C12*C11 


/CLR*/B03*/B02*BOO 
/CLR*B03*/BOO 
/CLR*B02*B01*/B00 


16 x--x ---x ---- 
17 x-- 
---x --x- 


18 x-x- 
---x --- 


24 x-x- -x- 
--x 
---- 


25 x-x 
---x 


32 x--- 
---x --- 


33 x--x 
---x 


34 x--- ---x ---x ---- 


/CLR*B01*BOO 
/CLR*/B02*B01 
/CLR*B03*/B00 


/CLR*B02*/B01*/B00 
/CLR*B03*BOO 


/CLR*B03 
/CLR*B02*BOO 
/CLR*B02*B01 


40 x--- 
---x --- 
--x- --x- /CLR*/B13*/B12*B10 


41 x-- 
-x- 
---x /CLR*B13*/B10 


42 x--- 
--x- ---x ---x 
/CLR*B12*B11*/B10 


48 x--- 
---x ---x ---- 
/CLR*B11*B10 


49 x--- 
---x --x- 
/CLR*/B12*B11 


50 x--- 
--x- 
---x /CLR*B13*/B10 


56 x--- 
--x- --x- ---x ---- /CLR*B12*/B11*/B10 


57 x--- 
---x 
---- ---x /CLR*B13*B10 


!-{> 
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J 
4 
~ 
6 
1 
891011 
12131415 
161118 
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20212123 
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Deglitcher 


PAL16R4 
DEGL 
DEGLITCHER 
MMI 
FRANCE 
CLK 
Z PRS 
CLR 
NC 


PAL 
DESIGN 
SPECIFICATION 


VINCENT 
LECLERC 
03/03/81 


/ZS 
:= /PRS*/Z 
+ 
CLR 


/X 
:= /PRS*/X*/Y 
+ /PRS*/X 
*/ZS 


+ /PRS* 
/Y*/ZS 


+ 
CLR 


/Y 
:= /PRS*/ZS 
+ 
CLR 


IF (VCC) /A 
/PRS*ZD*/BS*/ES 


+ /PRS*ZD 
*/A 


+ /PRS 
* BS 
*/A 


+ /PRS 
* ES*/A 


+ 
CLR 
;CLEAR 


IF (VCC) /ZD 
/PRS*/A* 
BS 


+ /PRS*/A* 
ES 


+ /PRS*/A*/ZD 
+ /PRS*/BS*/ES*/ZD 
;Z DETECTED 


+ CLR 
;CLEAR 


FUNCTION 
TABLE 


CLK /oe 
Z PRS 
CLR 
X Y 
ZS BS ES 
ZD A 
;COMMENTS 


--------------------------------------------------------- 


C 
L 
X 
L 
H 
L L 
L 
L 
L 
L L 
CLEAR 


C 
L 
L 
L 
L 
L L 
L 
L 
L 
L H 
INITIAL 
STATE 
SOO 


C 
L 
H 
L 
L 
L L 
H 
L 
L 
L H 
INPUT 
Z 


C 
L 
L 
L 
L 
L H 
L 
L 
L 
L H 
STATE 
SOO 
TO SOl 


C 
L 
H 
L 
L 
L L 
H 
L 
L 
L H 
STATE 
SOl 
TO 
SOO 


C 
L 
H 
L 
L 
L 
H 
H 
H 
L 
H H 
STATE 
SOO 
TO SOl 


C 
L 
L 
L 
L 
H H 
L 
L 
L 
H L 
STATE 
SOl 
TO 
Sl1 


C 
L 
L 
L 
L 
H L 
L 
L 
H 
H 
H 
STATE 
Sl1 
TO S10 


C 
L 
L 
L 
L 
L L 
L 
L 
L 
L H 
STATE 
S10 
TO 
SOO 


C 
L 
X 
H 
L 
H H 
H 
L 
L 
H H 
PRESET 
TEST 


X 
H 
X 
X 
X 
Z Z 
Z 
X 
X 
X X 
ENABLE 
TEST 


--------------------------------------------------------- 


THE 
SYSTEM 
DETECTS 
THE 
BEGINNING 
AND 
THE 
END 
OF A SIGNAL 
WHICH 
IS 


DISTURBED 
BY GLITCHES. 


1 CXOIXXXXXXOLLXLLLLLI 
2 COOOXXXXXXOLLXLLLLHI 
3 CI00XXXXXXOLLXLLHLHI 
4 COOOXXXXXXOLLXHLLLHI 
5 CI00XXXXXXOLLXLLHLHI 
6 CI00XXXXXXOLHXHLHHHI 
7 COOOXXXXXXOLLXHHLHLI 
8 COOOXXXXXXOHLXLHLHHI 
9 COOOXXXXXXOLLXLLLLHI 
10 CXI0XXXXXXOLLXHHHHHI 
11 XXXXXXXXXXIXXXZZZXXI 


Deglitcher 


DEGLITCHER 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


0 
1 
-xx- 
---x ---x /PRS*ZD*/BS*/ES 


2 ---x -xx- 
/PRS*ZD*/A 


3 ---x -x-- 
--x- 
/PRS*BS*/A 


4 ---x -x-- 
--x- /PRS*ES*/A 


5 
x--- 
CLR 


8 
9 ---x -x-- 
--x- 
/PRS*/A*BS 


10 --x -x-- 
--x- /PRS*/A*ES 


11 ---x -x-x 
/PRS*/A*/ZD 


12 
-x-x 
---x ---x /PRS*/BS*/ES*/ZD 


13 
x--- 
CLR 


16 -x-- -x-- 
/PRS*/Z 


17 
x--- ---- 
CLR 


24 
-x-- 
---x ---x 
/PRS*/X*/Y 


25 
-x-- ---x ---x 
/PRS*/X*/ZS 


26 
-x-- ---x 
---x 
/PRS*/y*/ZS 


27 
x--- ---- 
CLR 


32 
-x-- ---x 
/PRS*/ZS 


33 
x--- 
CLR 


48 
---- --- 


49 
--x- ---- ---- 
X 


50 
---x 
/y 


51 
---x 
/ZS 


56 
57 
---x 
/X 


58 
--x- 
y 


59 
--x- 
ZS 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,1) 


NUMBER OF FUSES BLOWN 
846 
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Deglitcher 


Electronic Dice Game 


In one die. seven LEDs make up the display (Figure 1). Notice 


they can be connected such that only four lines are required to 
drive them. The LEDs are turned on when the appropriate line is 
driven low. Since there are four lines to be driven it is necessary 
to use four D-type flip-flops for each die. For reference the out- 
puts of the flip-flops 
are labeled 01-04 
and the inputs are 
labeled D1-D4 (Figure 2). By using the inverting output of the 
Flip-Flop we can use positive logic in the design. That is, a 
logical "1" at a 0 output represents an LED being turned on. 


03 
03 
0 
Q 


ClK 
Q 
'3 


04 


04 
0 
Q 


ClK 
Q 
Q4 


Figure 
1 


Figure 
2 


The present state of table 1 shows the preferred sequence in 


which the LEDs should turn on. The next state shows the condi- 
tions necessary to increment when clocked. From these two 
tables the Karnaugh Maps of Figure 3 were made. Using the 
Karnaugh Maps the following equations are obtained; 


These equations satisfy the requirements for one die. By sub- 


stituting Os-Oa for 01-04 
and Ds-Da for D1-D4 we have the 


following equations; 


STATE 
°4 
°3 
~ 
0, 
°4 
°3 
°2 
0, 


, 
0 
, 
0 
0 
0 
0 
, 
0 


2 
0 
0 
, 
0 
, 
, 
0 
0 


3 
, 
, 
0 
0 
, 
0 
, 
0 


4 
, 
0 
, 
0 
, 
, 
, 
0 


5 
, 
, 
, 
0 
, 
0 
, 
, 


6 
, 
0 
, 
, 
0 
, 
0 
0 


0, 
01 KARNAUGH 
MAP 
°3 
°2 
0. 
00 
0' 
11 
'0 
11 
'0 


00 
X 
X 


0' 
X 


11 
X 
11 
X 
X 


10 
X 
X 
'0 


Note: 
X means Don't Care 
Figure 3 
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X 
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X 
X 


VCC 
+SV 
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°2 


1200 


120n 


003 
19 
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'200 


o D_ 


0_ 


o 05 


as 


0 06 


06 


'200 


1200 


o 07 


07 
2900 


1200 


o 08 


08 


Figure 4 


4·55 


However, since this is a synchronous design the clocks of the 


two die are common. If the same equations are used for both die 
there will be only six different states. To get around this the first 
die is allowed to go through each of the six states incrementing 
with each clock. The second die is inhibited from incrementing 
except when the first die goes from the 6th state to the 1st state. 
At this time the second die is allowed to increment one time. 
Looking 
at the present 
state 
of table 
1 it is noticed 
that 


whenever output 01 is high, the nex1clock should increment the 
second die. Whenever 01 is low the second die should remain 
the same. From this we now write all the equations. 


01 = 01 0203 


02 = 01 03 + 51 04 


03 = 03 
04 = 01 02 + 51 04 


Os = 01 Os + 01 Os 06 07 


06 = 01 06 + 01 Os 07 + 01 Os Oa 


07=0107+0107 


0a = 01 0a + 01 Os 06 + 01 Os Oa 


From these equations the logic diagram can be drawn. 
(Figure 4) 


Logic Design Using PALs 


The design requires a registered outputs. Looking at the PAL 


Data Sheet we determine 
that 
a PAL16Ra best suits this 
application. The equations developed above can be used here 
without 
change. 
The 
PAL Design Specification 
shows 
the 


implementation 
of these equations. 
Note that the pinout 
is 
chosen to convenience PC board layout which is shown below. 


2K 
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Applications 


Rules for CRAPS 
The following is a set of rules that apply whether you are playing 
in Las Vegas with dice or at home with a PAL. 


The first roll is called the come-out and you win on a 7 or 11 or 


you "crap-out" on a 2 (snake eyes), 3 (ace caught a deuce) or 12 
(box cars). If none of the above happens you will have rolled a 
number between 4 and 10. Mark this number well, you will need 
to roll it again to win. At this point no "crap" can hurt you, but 
unless you've programmed your PAL right, a seven can. Normal 
probabilities in 36 throws: 


7 will appear 
6 
a 
s 
9 
4 
10 
3 
11 
2 
12 


6 times 
S 
S 
4 
4 
3 
3 
2 
2 
1 
1 


CJ 
D 
0Q 


PAL16R8 
EDG 
ELECTRONIC 
DICE 
GAME 


MMI 
SUNYVALE, 
CALIFORNIA 
CK 
INIT 
NC NC 
NC NC NC NC NC GND 


/OC 
/Q5 
/Q8 
/Q7 
/Q6 
/01 
/Q4 
/Q3 
/Q2 
VCC 


PAL 
DESIGN 
SPECIFICATION 


VETTER/COLI 
07/06/81 


Q1 
:= 
/Q1* 
Q2* 
Q3 
+ 
INIT 


Q2 
:= 
/Q1* 
Q3*/INIT 


+ 
/Q1* 
Q4*/INIT 


Q3 
:::: 
/Q3*/INIT 


Q4 
:= 
/Q1* 
Q2*/INIT 
+ 
/Q1* 
Q4*/INIT 


Q5 
:= 
Q1*/Q5* 
Q6* 
Q7*/INIT 
+ /Q1* 
Q5*/INIT 


Q6 
:= 
Q1*/Q5* 
Q7*/INIT 
+ 
Q1*/Q5* 
Q8*/INIT 
+ /Q1* 
Q6*/INIT 


Q7 
:= 
Q1*/Q7*/INIT 
+ /Q1* 
Q7*/INIT 


Q8 
:= 
Q1*/Q5* 
Q6*/INIT 
+ 
Q1*/Q5* 
Q8*/INIT 


+ /Q1* 
Q8*/INIT 


Electronic 
Dice GAm~ 


;-CONTROLS- 
/OUTPUTS 
COMMENTS 


;C / 
QQQQQQQQ 
NUMBER DISPLAYED 
;K OC 
INIT 
12345678 
DIE 2 
DIE 1 


----------------------------------------------- 


C L 
H 
LHHHHHHH 
INITIALIZE COUNTER 


C L 
L 
HHLHHHLH 
1 
1 


C L 
L 
HLHHHHLH 
2 
1 


C L 
L 
HHLLHHLH 
3 
1 


C L 
L 
HLHLHHLH 
4 
1 


C L 
L 
HLLLHHLH 
5 
1 


C L 
L 
LLHLHHLH 
6 
1 


C L 
L 
HHLHHLHH 
1 
2 


C L 
L 
HLHHHLHH 
2 
2 


C L 
L 
HHLLHLHH 
3 
2 


C L 
L 
HLHLHLHH 
4 
2 


C L 
L 
HLLLHLHH 
5 
2 


C L 
L 
LLHLHLHH 
6 
2 


C L 
L 
HHLHHHLL 
1 
3 


C L 
L 
HLHHHHLL 
2 
3 


C L 
L 
HHLLHHLL 
3 
3 


C L 
L 
HLHLHHLL 
4 
3 


C L 
L 
HLLLHHLL 
5 
3 


C L 
L 
LLHLHHLL 
6 
3 


C L 
L 
HHLHHLHL 
1 
4 


C L 
L 
HLHHHLHL 
2 
4 


C L 
L 
HHLLHLHL 
3 
4 


C L 
L 
HLHLHLHL 
4 
4 


C L 
L 
HLLLHLHL 
5 
4 


C L 
L 
LLHLHLHL 
6 
4 


C L 
L 
HHLHHLLL 
1 
5 


C L 
L 
HLHHHLLL 
2 
5 


C L 
L 
HHLLHLLL 
3 
5 


C L 
L 
HLHLHLLL 
4 
5 


C L 
L 
HLLLHLLL 
5 
5 


C L 
L 
LLHLHLLL 
6 
5 


C L 
L 
HHLHLLHL 
1 
6 


C L 
L 
HLHHLLHL 
2 
6 


C L 
L 
HHLLLLHL 
3 
6 


C L 
L 
HLHLLLHL 
4 
6 


C L 
L 
HLLLLLHL 
5 
6 


C L 
L 
LLHLLLHL 
6 
6 


C H 
X 
ZZZZZZZZ 
TEST HI-Z 


----------------------------------------------- 


THE 
DUAL 
MODULO-SIX 
COUNTER 
INCREMENTS 
ON 
THE 
RISING 
EDGE 
OF 
THE 
CLOCK 
(CK). 
THE 
THREE-STATE 
OUTPUTS 
ARE 
HIGH-Z 
WHEN 
THE 
OUTPUT 
CONTROL 
LINE 
(/OC) 
IS 
HIGH 
AND 
ENABLED 
WHEN 
THE 
OUTPUT 
CONTROL 
LINE 
(/OC) 
IS 
LOW. 


THE 
"INIT" 
LINE 
IS NEEDED 
TO 
INITIALIZE 
THE 
COUNTER 
SO 
THAT 
THE 
FUNCTION 
TABLE 
SIMULATION 
COULD 
BE 
PERFORMED 
AND 
THE 
PART 
COULD 
BE 
TESTED 
AT 
THE 
TIME 
OF 
FAB- 
RICATION. 
THIS 
LINE 
AS 
WELL 
AS 
ALL 
OTHER 
UNUSED 
INPUTS 
SHOULD 
BE 
TIED 
TO 
GND. 


THERE 
ARE 
36 
DIFFERENT 
STATES 
TO 
THE 
COUNT 
SEQUENCE. 
EACH 
STATE 
CORRESPONDS 
TO 
ONE 
OF 
THE 
NUMBER 
COMBINATIONS 
TO 
BE 
DISPLAYED 
ON 
THE 
DICE. 


1 CIXXXXXXXXOHHHHLHHHI 
2 COXXXXXXXXOHHLHHHLHI 
3 COXXXXXXXXOHHLHHHHLI 
4 COXXXXXXXXOHHLHHLLHI 
5 COXXXXXXXXOHHLHHLHLI 
6 COXXXXXXXXOHHLHHLLLI 
7 COXXXXXXXXOHHLHLLHLI 
8 COXXXXXXXXOHHHLHHLHI 
9 COXXXXXXXXOHHHLHHHLI 


10 
COXXXXXXXXOHHHLHLLHI 
11 
coxxxXXXXXOHHHLHLHLI 


12 
COXXXXXXXXOHHHLHLLLI 


13 COXXXXXXXXOHHHLLLHLI 
14 
coxxxXXXXXOHLLHHHLHI 
15 
COXXXXXXXXOHLLHHHHLI 


16 
COXXXXXXXXOHLLHHLLHI 
17 
COXXXXXXXXOHLLHHLHLI 
18 COXXXXXXXXOHLLHHLLLI 
19 COXXXXXXXXOHLLHLLHLI 
20 COxXXXXXXXOHLHLHHLHI 
21 COXXXXXXXXOHLHLHHHLI 
22 
COXXXXXXXXOHLHLHLLHI 


23 COXXXXXXXXOHLHLHLHLI 
24 coxxxXXXXXOHLHLHLLLl 
25 COXXXXXXXXOHLHLLLHLI 
26 COXXXXXXXXOHLLLHHLHI 
27 COXXXXXXXXOHLLLHHHLI 
28 
COXXXXXXXXOHLLLHLLHI 
29 
COXXXXXXXXOHLLLHLHLI 


30 COXXXXXXXXOHLLLHLLLI 
31 COXXXXXXXXOHLLLLLHLI 
32 COXXXXXXXXOLLHLHHLHI 
33 COXXXXXXXXOLLHLHHHLI 
34 
COXXXXXXXXOLLHLHLLHI 
35 COXXXXXXXXOLLHLHLHLI 
36 
COXXXXXXXXOLLHLHLLLI 
37 COXXXXXXXXOLLHLLLHLI 
38 
CXXXXXXXXXlzzzzzzzzl 


Electronic Dice Game 


ELECTRONIC 
DICE 
GAME 


11 
1111 
1111 
2222 
2222 
2233 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


0 -x-- ---x 
--x- 
/Ql*Q3*/INIT 
1 -x-- 
---x --x- 
/Ql*Q4*/INIT 


8 -x-- --x- 
/Q3*/INIT 


16 -x-x 
--x- 
/Ql*Q2*/INIT 
17 -x-- 
---x --x- 
/Ql*Q4*/INIT 


24 ---x ---x 
--x- 
/Ql*Q2*Q3 
25 x--- 
INIT 


32 -x-- 
---x 
---x 
--x- Ql*/Q5*Q7*/INIT 
33 -x-- 
---x 
---x --x- Ql*/Q5*Q8*/INIT 
34 -x-- 
--x- ---x 
/Ql*Q6*/INIT 


40 -x-- 
---x 
--x- 
Ql*/Q7*/INIT 
41 -x-- 
--x- 
---x 
/Ql*Q7*/INIT 


48 -x-- 
---x ---x 
--x- Ql*/Q5*Q6*/INIT 
49 -x-- 
---x 
---x --x- Ql*/Q5*Q8*/INIT 
50 -x-- 
--x- 
---x 
/Ql*Q8*/INIT 


56 -x-- 
---x ---x ---x 
--x- Ql*/Q5*Q6*Q7*/INIT 
57 -x-- 
--x- 
---x /Ql*Q5*/INIT 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,l) 


NUMBER 
OF 
FUSES 
BLOWN 
490 


1 


012 
J 
Q 
~ 
6 
J 
891011 
12 lJ 
14 
1~ 
161/1819 
20212223 
241~ 262/ 
28293031 


0, 


~-~ 


2 
"'" 
], 
;, 
~l 


, 


2 
••. 
..• 


----i > 
11: 
., 


~ 
" 


....••.. 


~ 


"" 
I 
"" 
1\ 


3 
••• 
A 
:----i 


"" 


~ 
" 
=D1 


" 


....••.. 


20 
""" 


4 
~ 
~ 
11: 


r 
..• 


"" 


}- 


~ 
" 
=D1 


" 


...•.. 


18 
29 


JO 
II 
, .. 
~ 
---i > 
.t...• 


J2 
J3 


~ 
" 


....••.. 


~ 


J; 
" 
/ 


""" 
, .. 
..• 


•.. 
..• 


"" 


~ 
" 


~ 


" 


....••.. 


""" 
H 
, 
•.. 
..• 


•.. 
..• 


"" 


~ 


;0 
....••.. 


~ 


"""" 
II 


B 
.. 
..• 
> 


"" 


~~ 


18 
19 
"'" 


60 
/ 
" 
61 


bJ 
, .. 
~ 


~ 
•. 
..• 


9·Bit Register 


PAL20X10 


vcc 


ao 


01 


02 


03 


DATA 
04 
DATA 


IN 
OUT 
05 


06 
D 
07 


08 
08 


NC 


GND 
OC 


9·Bit Register 


PAL20X10 
p8125 
9-BIT 
REGISTER 
MMI 
SUNNYVALE, 
CALIFORNIA 


CLK 
DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
/LD 
GND 


/OC 
NC 
Q8 
Q7 
Q6 
Q5 
Q4 
Q3 
Q2 
Q1 
QO 
VCC 


/QO 
:= 
/QO*/LD 
;HOLD 
QO 


+ /DO* 
LD 
;LOAD 
DO 


/Q1 
:= 
/Q1*/LD 
;HOLD 
Q1 


+ /D1* 
LD 
;LOAD 
D1 


/Q2 
:= 
/Q2*/LD 
;HOLD 
Q2 


+ /D2* 
LD 
;LOAD 
D2 


/Q3 
:= 
/Q3*/LD 
;HOLD 
Q3 


+ /D3* 
LD 
;LOAD 
D3 


/Q4 
:= /Q4*/LD 
;HOLD 
Q4 


+ /D4* 
LD 
;LOAD 
D4 


/Q5 
:= 
/Q5*/LD 
;HOLD 
Q5 


+ /D5* 
LD 
;LOAD 
D5 


/06 
:= 
/Q6*/LD 
;HOLD 
Q6 


+ /D6* 
LD 
;LOAD 
D6 


/Q7 
:= 
/Q7*/LD 
;HOLD 
Q7 


+ /D7* 
LD 
;LOAD 
D7 


/Q8 
:= 
/Q8*/LD 
;HOLD 
Q8 
+ /D8* 
LD 
;LOAD 
D8 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/COLI 
07/19/81 


;/ C / 
;0 L L 
;C K 
D 


DATA 
IN 
DDDDDDDDD 
876543210 


DATA 
OUT 
QQQQQQOQQ 
876543210 


L C 
L 
LLLLLLLLL 
LLLLLLLLL 
LOAD 
ALL 
ZEROS 


L C 
H 
XXXXXXXXX 
LLLLLLLLL 
HOLD 
ALL 
ZEROS 


L C 
L 
HHHHHHHHH 
HHHHHHHHH 
LOAD 
ALL 
ONES 


L C 
H 
XXXXXXXXX 
HHHHHHHHH 
HOLD 
ALL 
ONES 


L C 
L 
LHLHLHLHL 
LHLHLHLHL 
LOAD 
EVEN 
CHECKERBOARD 


L C 
H 
XXXXXXXXX 
LHLHLHLHL 
HOLD 
EVEN 
CHECKERBOARD 


L C 
L 
HLHLHLHLH 
HLHLHLHLH 
LOAD 
ODD 
CHECKERBOARD 


L C 
H 
XXXXXXXXX 
HLHLHLHLH 
HOLD 
ODD 
CHECKERBOARD 


H 
X 
X 
XXXXXXXXX 
ZZZZZZZZZ 
TEST 
HI-Z 


9·Bit Register 


THIS 9-BIT REGISTER LOADS THE DATA 
(OO-DO) ON THE RISING EDGE OF 


THE CLOCK 
(CLK) IF THE LOAD LINE 
(/LD) IS ASSERTED 
(LOW ON PIN 11) 


AND OTHERWISE 
HOLDS THE ORIGINAL VALUE. 


THE 9-BIT ARCHITECTURE 
MAKES THIS REGISTER 
IDEAL FOR PARITY BUS 


INTERFACING 
IN MICROPROGRAMMED 
SYSTEMS. 


THESE OPERATIONS 
ARE EXERCISED 
IN THE FUNCTION TABLE AND SUMMARIZED 


IN OPERATIONS 
TABLE: 


1 COOOOOOOOOOXOXLLLLLLLLLl 
2 CXXXXXXXXXIXOXLLLLLLLLLl 
3 Clll111l110XOXHHHHHHHHHl 
4 CXXXXXXXXXIXOXHHHHHHHHHI 
5 COIOIOI0100XOXLHLHLHLHLI 
6 CXXXXXXXXXIXOXLHLHLHLHLI 
7 CIOIOIOIOI0XOXHLHLHLHLHI 
8 CXXXXXXXXXIXOXHLHLHLHLHI 
9 xxxxxxXXXXXXIXZZZZZZZZZl 


HI-Z 
HOLD 
LOAD 


9-Bit Register 


V/O;7 
V,LLJ 
-'JUI 
O:;7V.L 
L~~J 
010;1 


0 ---x 
x--- /QO*/LD 


1 -x-- 
-x-- /DO*LD 


8 
---x 
x--- /Q1*/LD 


9 
-x-- 
-x-- /D1*LD 


16 
---x 
x--- /Q2*/LD 


17 
-x-- 
-x-- /D2*LD 


24 
---x 
x--- /Q3*/LD 


25 
-x-- 
-x-- /D3*LD 


32 
---x 
x--- /Q4*/LD 


33 
-x-- 
-x-- /D4*LD 


40 
---x 
x--- /Q5*/LD 


41 
-x-- 
-x-- /D5*LD 


48 
---x 
x--- /Q6*/LD 


49 
-x-- 
-x-- /D6*LD 


56 
---x 
x--- /Q7*/LD 


57 
-x-- 
-x-- /D7*LD 


64 
---x x--- /Q8*/LD 


65 
-x-- -x-- /D8*LD 


1 
to.. 
V 


II 
11) 
4 
~ 
i 
I 
•• 
111' 
II 111. Ii 
1111111' 
lOlll111 
l4 
1\lI 
H 
nltJoll 
ll))teH 
liJllllt 
. 
~-OD- 


~~ 


, 
23 


I 
l 
~ 


~ 
v0- 


l 
=R~D- 
~ 
. 


~ 


22 
" 
~- 
" 
...., ..- 


3 


" 
~- 


~ 
" 
J-U OD- 


~ 


21 
" 
::::- 


" 
~ ..- 


4 


" 
- 


~ 
" 
g=OD- 


~ 


20 
"" 
...., 


5 
•.. 


II 
~ - 


~ 
" 
-K-J ~D- 


~ 


" 
" 
- - 


" 


IA( 
...., - 


6 
.. 
IDD- 
~ 
" 


~ 


18 
"" 
.... - 


7 


.. 
~D- 
~ 
.. 


~ 


17 
"" 


uv 
_ 


8 
•.. 


" 
~D- 
~ 
" 


~ 


16 
"" 


9 


.. 
~D- 
~ 
.. 


~ 


15 
.. 
" 


10 
~ 


" 
::'¢D-til*~ 
""" 


JA<~ 
_ 


....,~ 
Q 


11 
. 
...1_ 
13 


..•....•.. 


Multifunction Octal Register 


DATA 
04 
OUT 


I 4 LoS3l:lU 
~IRKNER/KAZMl/B~~O 
U~/~b/l:l~ 
MULTIFUNCTION 
OCTAL 
REGISTER 


MMI SUNNYVALE, 
CALIFORNIA 


CLK /LO DO 01 02 03 04 05 06 07 
POL GNO 


/OC /PR Q7 Q6 QS Q4 Q3 Q2 Q1 QO /CLR VCC 


/QO 
:= 
CLR 
;CLEAR 


+ 
/CLR*/PR*/LD*/QO 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/DO 
;LeAD 
DO 
(TRUE) 


+ 
/CLR*/PR* 
LO*/POL* 
DO 
;LeAD /00 
(COMP) 


/Q1 
:= 
CLR 
;CLEAR 


+ 
/CLR*/PR*/LD*/Q1 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/Ol 
;LeAD 
01 
(TRUE) 


+ 
/CLR*/PR* 
LO*/POL* 
01 
;LeAD /01 
(COMP) 


/Q2 
:= 
CLR 
; CLEAR 


+ 
/CLR*/PR*/LO*/Q2 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/02 
;LeAD 
02 
(TRUE) 


+ 
/CLR*/PR* 
LO*/POL* 
02 
;LeAD /02 
(COMP) 


/Q3 
:= 
CLR 
; CLEAR 


+ 
/CLR*/PR*/LD*/Q3 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/03 
;LeAD 
03 
(TRUE) 


+ 
/CLR* /FR* 10*/POL* 
03 
;LeAD /03 
(COMP) 


/Q4 
:= 
CLR 
;CLEAR 


+ 
/CLR*/PR*/LD*/Q4 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/04 
;LeAD 
04 
(TRUE) 


+ 
/CLR*/PR* 
LD*/POL* 
04 
;LeAD /04 
(COMP) 


/QS 
:= 
CLR 
;CLEAR 


+ 
/CLR*/PR*/LO*/QS 
;HOLD 


:+: 
/CLR*/PR* 
LD* POL*/OS 
;LeAD 
05 
(TRUE) 


+ 
/CLR*/PR* 
LO*/POL* 
05 
;LeAD /05 
(COMP) 


/Q6 
:= 
CLR 
;CLEAR 


+ 
/CLR*/PR*/LO*/Q6 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/06 
;LeAD 
06 
(TRUE) 


+ 
/CLR*/PR* 
LO*/POL* 
06 
;LeAD /06 
(COMP) 


/Q7 
:= 
CLR 
;CLEAR 


+ 
/CLR*/PR*/LO*/Q7 
;HOLD 


:+: 
/CLR*/PR* 
LO* POL*/07 
;LeAD 
07 
(TRUE) 


+ 
/CLR*/PR* 
LO*/POL* 
07 
;LeAD /07 
(COMP) 


INPUTS 
CONTROL 
OUTPUTS 
COMMENTS 


07---00 
/CLR 
/PR 
/LD 
POL 
CLK /oe 
Q7---~ 


------------------------------------------------------------------------------ 
:CLEAR 
AND 
PRESET 
TESTS 


BAAHHRAH 
L 
L 
L 
a 
C 
L 
I,I,I,I,I,I,I,I· 
CLEAR 
(OVERRIDES 
PRESET/LOAD) 


LLLLLLLL 
a 
L 
L 
a 
C 
L 
BARAARAS 
PRESET 
(OVERRIDES 
LOAD) 


LLLLLLLL 
L 
L 
L 
L 
C 
L 
LLLLLLLL 
CLEAR 
(POL-L) 


BAAHHRAH 
a 
L 
L 
L 
C 
L 
HARHARAH 
PRESET 
(POL-L) 


: LOAD 
DATA - WALKING 
ZEROES 
(TRUE 
DATA) 


HHBBHAA'. 
a 
a 
L 
a 
C 
L 
HHRHHAAI. 
LOAD 
HEX (FE) 


HHHHHHl,H 
a 
a 
L 
a 
C 
L 
HHAHHSI.S 
LOAD 
HEX (FD) 


HHBHBI,HH 
a 
a 
L 
a 
C 
L 
HHBHBI·HH 
LOAD 
HEX(FB) 


HHHHI.mm 
a 
a 
L 
a 
C 
L 
HHHHI,mm 
LOAD 
HEX(F7) 


HHHI,HHHH 
a 
a 
L 
a 
C 
L 
HHHI·HHHH 
LOAD 
HEX(EF) 


HHLHBBHH 
a 
a 
L 
a 
C 
L 
HHI,HHHHH 
LOAD 
HEX (OF) 


aLHHBBHH 
a 
a 
L 
a 
C 
L 
HI,HHHHHH 
LOAD 
HEX (BF) 


I,HHHHHHH 
a 
a 
L 
a 
C 
L 
f,RBBARRR 
LOAD 
HEX (7F) 


BARHARAH 
a 
a 
L 
H 
C 
L 
BHABHRAR 
LOAD 
HEX(FF) 


: LOAD 
DATA - WALKING 
ONES 
(TRUE 
DATA) 


LLLLLLLH 
a 
a 
L 
a 
C 
L 
LLLLLLLH 
LOAD 
HEX(Ol) 


LLLLLLHL 
a 
a 
L 
a 
C 
L 
I.IJ,IJ.T.HI, 
LOAD 
HEX(02) 


LLLLLHLL 
a 
a 
L 
a 
C 
L 
I,I,T,T,T,HI,I, 
LOAD 
HEX(04) 


LLLLHLLL 
a 
a 
L 
a 
C 
L 
I.T,T,T,HI,T,T, 
LOAD 
HEX(08) 
DI 
LLLHLLLL 
a 
a 
L 
a 
c 
L 
I,T.T·HI·I,T.T, 
LOAD 
HEX(lO) 


LLHLLLLL 
H 
a 
L 
a 
c 
L 
I,TJU.T,T,T.T. 
LOAD 
HEX(20) 


LHLLLLLL 
a 
a 
L 
a 
c 
L 
I,HI,T,T.T,T.T. 
LOAD 
HEX(40) 


HLLLLLLL 
a 
a 
L 
a 
C 
L 
HI,T.T,I,T,T.T. 
LOAD 
HEX(80) 


LLLLLLLL 
a 
a 
L 
a 
C 
L 
I.I.I.T.T.T,T.T, 
LOAD 
HEX(OO) 


: LOAD 
DATA - WALKING 
ONES 
(COMP 
DATA) 
WITH 
HOLD 
TESTS 


LLLLLLLL 
a 
a 
a 
L 
C 
L 
I.T.T,T,T,T,T,T. 
aOLD 


LLLLLLLL 
a 
a 
L 
L 
C 
L 
BARBARHH 
LOAD 
HEX(OO) 
(COMP) 


LLLLLLLL 
a 
a 
a 
a 
C 
L 
BARBARHH 
aOLD 


LLLLLLLH 
a 
a 
L 
L 
C 
L 
HABRHBAr. 
LOAD 
HEX(Ol) 
(COMP) 


LLLLLLLL 
H 
H 
a 
L 
C 
L 
HHABAAAI. 
aOLD 


LLLLLLHL 
a 
a 
L 
L 
C 
L 
HHHHHHI·H 
LOAD 
HEX(02) 
(COMP) 


aHHHHHHH 
H 
a 
a 
H 
C 
L 
HHHHHHI.R 
aOLD 


LLLLLHLL 
a 
a 
L 
L 
C 
L 
HHBHBI,HH 
LOAD 
HEX(04) 
(COMP) 


LLLLLLLL 
a 
a 
a 
L 
C 
L 
HHHHHI,HH 
aOLD 


LLLLHLLL 
a 
a 
L 
L 
C 
L 
HHHHI·mm 
LOAD 
HEX(80) 
(COMP) 


HHHHHHBB 
a 
a 
a 
a 
C 
L 
HHHHI·mm 
aOLD 


LLLHLLLL 
a 
a 
L 
L 
C 
L 
HHHI,HHHH 
LOAD 
HEX (lO) 
(COMP) 
LLLLLLLL 
B 
a 
a 
L 
C 
L 
HHHI,HHHH 
BOLD 


LLHLLLLL 
a 
a 
L 
L 
C 
L 
HHI·HHHHH 
LOAD 
HEX(20) 
(COMP) 


HHHHHBHH 
a 
H 
a 
B 
C 
L 
HHI,HHHHH 
BOLD 


LHLLLLLL 
a 
a 
L 
L 
C 
L 
HI,HHHHHH 
LOAD 
BEX(40) 
(COMP) 


LLLLLLLL 
a 
a 
a 
L 
C 
L 
HI·HHHHHH 
aOLD 


BLLLLLLL 
a 
a 
L 
L 
C 
L 
T.HHHHHHH 
LOAD 
HEX(80) 
(COMP) 
BAHHAAAH 
a 
B 
B 
a 
C 
L 
f.RBHARHR 
aOLD 


LLLLLLLL 
H 
H 
L 
L 
C 
L 
BHHHHAAH 
LOAD 
HEX(OO) 
(COMP) 


XXXXXXXX 
X 
x 
x 
x 
X 
a 
ZZZZZZZZ 
TEST 
BI-Z 


------------------------------------------------------------------------------ 


THIS 
IS AN a-BIT 
SYNCHRONOUS 
REGISTER 
WITH 
PARALLEL 
LOAD, 
LOAD 
COMPLEMENT, 
PRESET, 
CLEAR, 
AND 
HOLD 
CAPABILITIES. 
FOUR 
CONTROL 
INPUTS 
(/LO,POL,/CLR,/PR) 
PROVIDE 
ONE 
OF 
FOUR 
OPERATIONS 
WHICH 
OCCUR 
SYNCHRONOUSLY 
WITH 
THE 
CLOCK 
(CLK). 


THE 
LOAD 
OPERATION 
LOADS 
THE 
INPUTS 
(07-00) INTO 
THE 
OUTPUT 
REGISTER 
(Q7-QO), 
WHEN 
POL=H 
OR 
LOADS 
THE 
COMPLEMENT 
OF 
THE 
INPUTS 
WHEN 
POL=L. 
THE 
CLEAR 
(/CLR) 
OPERATION 
RESETS 
THE 
OUTPUT 
REGISTERS 
TO ALL 
LOWS. 
THE 
PRESET 
(/PR) 
OPERATION 
PRESETS 
THE 
OUTPUT 
REGISTERS 
TO ALL 
HIGHS. 
THE 
HOLD 
OPERATION 
HOLDS 
THE 
PREVIOUS 
VALUE 
REGARDLESS 
OF 
CLOCK 
TRANSITIONS. 


THESE 
OPERATIONS 
ARE 
EXERCISED 
IN THE 
FUNCTION 
TABLE 
AND 
SUMMARIZED 
IN THE 
OPERATIONS 
TABLE: 


H 
X 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
C 
L 
X 
X 
X 
X 
L 
CLEAR 


L 
C 
H 
L 
r~ 
X 
X 
H 
PRESET 


L 
C 
H 
H 
H 
X 
X 
Q 
HOLD 


L 
C 
H 
H 
L 
H 
0 
0 
LOAD 
TRUE 


L 
C 
H 
H 
L 
L 
0 
/0 
LOAD 
COMP 


--------------------------------------------------------- 


POLARITY 
__ 


LOAD 
PRESET 
CLEAR 


1 C0111111111XOOLLLLLLLL01 
2 C0000000001XOOBBHHBBBH11 
3 COOOOOOOOOOXOOLLLLLLLL01 
4 C0111111110XOOBBHHHHHH11 
5 C001111111lX01HHHHHHHL11 
6 C010111111lX01HBHHHHLH11 
7 C011011111lX01HHHHBLHH11 
8 C0111011111X01HHHHLHBH11 
9 C0111101111X01HBHLHHHH11 
10 C0111110111X01HHLHBBBH11 
11 C011111101lX01HLBHBBBB11 
12 C0111111101X01LHHHHHHH11 
13 C011111111lX01HBHHBBBH11 
14 C0100000001X01LLLLLLLH11 
15 C0010000001X01LLLLLLBL11 
16 C0001000001X01LLLLLBLL11 
17 C0000100001X01LLLLBLLL11 
18 C0000010001X01LLLBLLLL11 
19 C0000001001X01LLHLLLLL11 
20 C0000000101X01LHLLLLLL11 
21 C0000000011X01BLLLLLLL11 
22 C0000000001X01LLLLLLLL11 
23 C1000000000X01LLLLLLLL11 
24 COOOOOOOOOOX01HBHHBBBH11 
25 C1000000001X01HHHHHHHHll 
26 C0100000000X01HBHHHHHL11 
27 C1000000000X01HBHHHHHL11 
28 C0010000000X01HBHHHBLH11 
29 C111111111lX01HBHHHHLH11 
30 C0001000000X01HBHHHLHH11 
31 C1000000000X01BBHHHLHH11 
32 C0000100000X01HBHBLHBH11 
33 C111111111lX01BBHBLHBH11 
34 C0000010000X01HBHLHBHH11 
35 C1000000000X01BBHLHHHH11 
36 C0000001000X01HHLHHHHH11 
37 C1111111111X01HHLHBBBH11 
38 C0000000100X01HLBHBBBB11 
39 C1000000000X01BLHHHHHH11 
40 C0000000010X01LHHHHHHH11 
41 C111111111lX01LHHHBBBHl1 
42 COOOOOOOOOOX01BBHHBHHHl1 
43 XXXXXXXXXXXX1XZZZZZZZZX1 


11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


8 --x 
--- 
---- 
CLR 
9 x-x- --x 
--- 
--x- /CLR*/PR*/LD*/QO 
10 -xx- -x-- 
x-x- /CLR*/PR*LD*POL*/DO 
11 -xx- x--- ---- 
-xx- /CLR*/PR*LD*/POL*DO 


16 --x 
---- 
CLR 
17 x-x- 
---x ---- 
--x- /CLR*/PR*/LD*/Q1 
18 -xx- 
-x- 
x-x- /CLR*/PR*LD*POL*/D1 
19 -xx- 
x--- 
-xx- /CLR*/PR*LD*/POL*D1 


24 --x 
--- 
--- ---- 
CLR 
25 x-x- 
---x --- 
--x- /CLR*/PR*/LD*/Q2 
26 -xx- 
-x-- 
x-x- /CLR*/PR*LD*POL*/D2 
27 -xx- 
x--- 
-xx- /CLR*/PR*LD*/POL*D2 


32 --x 
---- 
CLR 
33 x-x- 
--x 
--- 
--x- /CLR*/PR*/LD*/Q3 
34 -xx- 
-x- 
x-x- /CLR*/PR*LD*POL*/D3 
35 -xx- 
x-- 
-xx- /CLR*/PR*LD*/POL*D3 


40 --x 
--- 
CLR 
41 x-x- 
---x 
--x- /CLR*/PR*/LD*/Q4 
42 -xx- 
-x- 
x-x- /CLR*/PR*LD*POL*/D4 
43 -xx- 
x--- 
-xx- /CLR*/PR*LD*/POL*D4 


48 --x 
--- 
CLR 
49 x-x- 
---x --- 
--x- /CLR*/PR*/LD*/Q5 
50 -xx- 
-x-- 
x-x- /CLR*/PR*LD*POL*/D5 
51 -xx- 
x--- 
-xx- /CLR*/PR*LD*/POL*D5 


56 --x 
--- 
CLR 
57 x-x- 
---x 
--x- /CLR*/PR*/LD*/Q6 
58 -xx- 
-x-- 
x-x- /CLR*/PR*LD*POL*/D6 
59 -xx- 
x--- 
-xx- /CLR*/PR*LD*/POL*D6 


64 --x 
---- 
CLR 
65 x-x- 
---x---x- /CLR*/PR*/LD*/Q7 
66 -xx- 
-x-- x-x- /CLR*/PR*LD*POL*/D7 
67 -xx- 
x--- -xx- /CLR*/PR*LD*/POL*D7 
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16-BIT 
DATA BUS 


IN 


16-BIT 
DATA 
BUS 
OUT 


a-Bit I/O Priority Interrupt 
Encoder With Registers 


8-BIT 
I/O 
PRIORITY 
INTERRUPT 
ENCODER 
WITH 
REGISTERS 


MMI 
SUNNYVALE, 
CALIFORNIA 


CLK 
I1 
12 
13 14 
IS 
16 
17 18 GND 


/OC 
NC 
NC 
Q4 
Q3 
Q2 
Q1 NC 
NC 
VCC 


/Q1 
:== 
/Il* 
12 
+ /Il*/I2*/I3* 
14 


+ /I1*/I2*/I3*/I4*/IS* 
16 


+ /I1*/I2*/I3*/I4*/IS*/I6*/I7* 
18 


/Q2 
:== 
/Il*/I2* 
13 
+ /Il*/I2*/I3* 
14 


+ /I1*/I2*/I3*/I4*/IS*/I6* 
17 


+ /I1*/I2*/I3*/I4*/IS*/I6*/I7* 
18 


/Q3 
:= /I1*/I2*/I3*/I4* 
IS 


+ /I1*/I2*/I3*/I4*/IS* 
16 


+ /I1*/I2*/I3*/I4*/IS*/I6* 
17 


+ /I1*/I2*/I3*/I4*/IS*/I6*/I7* 
18 


/Q4 
:= I1 + 12 + 13 + 14 + IS + 16 + 17 + 18 
;INTERRUPT 
FLAG 


;-INPUTS- 
;II II II II 
;87654321 


CONTROL 
CLK /oe 


OUTPUTS 
QQQQ 
4321 


LXXXXXXH 
C 
L 
LHHH 
Il 
INTERRUPT 
(HIGHEST 
PRIORITY 
DEVICE) 
LXXXXXHL 
C 
L 
LHHL 
12 
INTERRUPT 


LXXXXHLL 
C 
L 
LHLH 
13 
INTERRUPT 


LXXXHLLL 
C 
L 
LHLL 
14 
INTERRUPT 


LXXHLLLL 
C 
L 
LLHH 
IS 
INTERRUPT 


LXHLLLLL 
C 
L 
LLHL 
16 
INTERRUPT 


LHLLLLLL 
C 
L 
LLLH 
17 
INTERRUPT 


HLLLLLLL 
C 
L 
LLLL 
18 
INTERRUPT 
(LOWEST 
PRIORITY 
DEVICE) 
LLLLLLLL 
C 
L 
HHHH 
INTERRUPT 
FLAG 


XXXXXXXX 
X 
H 
ZZZZ 
TEST 
HI-Z 


THE I/O 
PRIORITY 
INTERRUPT ENCODER PRIORITIZES 
8 I/O 
LINES 
(Il 
THRU 18) 


PRODUCING 111 
(Q3, 
Q2, 
AND Ql 
RESPECTIVELY) 
FOR THE HIGHEST PRIORITY 
I/O 


DEVICE 
(Il) 
AND 000 
FOR AN INTERRUPT FROM THE LOWEST PRIORITY 
I/O 
DEVICE 
(I8). 


OUTPUT Q4 SERVES AS THE INTERRUPT FLAG AND GOES LOW WHEN ANY OF THE 8 I/O 
INPUTS 
GO HIGH. 


THE PRIORITY 
INTERRUPT ENCODER REGISTERS 
ARE UPDATED ON THE RISING 
EDGE OF 
THE INTERRUPT CLOCK INPUT 
(CLK). 
THE 3-STATE 
OUTPUTS ARE HIGH-Z 
WHEN THE 
OUTPUT CONTROL LINE 
<lOC) 
IS 
LOW. 


1 C1XXXXXXOXOXXLHHHXX1 
2 C01XXXXXOXOXXLHHLXX1 
3 C001XXXXOXOXXLHLHXX1 
4 C0001XXXOXOXXLHLLXX1 
5 C00001XXOXOXXLLHHXX1 
6 C000001XOXOXXLLHLXX1 
7 C00000010XOXXLLLHXX1 
8 C00000001XOXXLLLLXX1 
9 COOOOOOOOXOXXHHHHXX1 


10 
XXXXXXXXXX1XXZZZZXX1 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


16 -x-- x--- 
/Il*I2 


17 -x-- -x-- -x-- x--- 
/Il* /I2* /I3*I4 


18 -x-- -x-- -x-- -x-- -x-- x--- 
/Il*/I2*/I3*/I4*/I5*I6 


19 -x- 
-x-- -x-- -x-- -x- 
-x-- -x-- x--- /Il*/I2*/I3*/I4*/I5*/I6*/I7*I8 


24 -x-- -x-- x-- 
/Il*/I2*I3 


25 -x-- -x-- -x-- x--- 
/Il*/I2*/I3*I4 


26 -x-- -x- 
-x-- -x-- -x-- -x- 
x-- 
/Il*/I2*/I3*/I4*/I5*/I6*I7 
27 -x- 
-x-- -x-- -x-- -x- 
-x-- -x- 
x--- /Il*/I2*/I3*/I4*/I5*/I6*/I7*I8 


32 -x- 
-x-- -x-- -x-- x--- 
/Il*/I2*/I3*/I4*I5 


33 -x-- -x-- -x-- -x-- -x-- x--- 
/Il*/I2*/I3*/I4*/I5*I6 


34 -x- 
-x-- -x-- -x-- -x- 
-x- 
x--- 
/Il*/I2*/I3*/I4*/I5*/I6*I7 
35 -x-- -x- 
-x-- -x- 
-x-- -x-- -x-- x--- /Il*/I2*/I3*/I4*/I5*/I6*/I7*I8 


40 x-- 
Il 


41 
x--- 
I2 
42 
x-- 
I3 


43 
x--- 
I4 


44 
x--- 
IS 


4S --- 
x--- 
I6 


46 
x--- 
I7 


47 --- 
x--- I8 
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BCD/Hex Counter 


HP 
DISPLAY 
5082 
7304 


CLK 
PROBE 


10 


+5 
6k 
.5 


8-BIT 


PB 
CLR 
TOGGLE 
HEX 


PAL 
DESIGN 
SPECIFICATION 


SAEED 
KAZMI 
04/28/81 


PAL20X8 
BHEX 
BCD/HEX 
COUNTER 
MMI 
SUNNYVALE, 
CALIFORNIA 
CK /CLR 
HEX 
/CO 
/Cl 
/C2 
/C3 
/C4 
/CS 
/C6 
/CIN 
GND 


/OC 
/COUTI 
AO Al A2 A3 BO Bl B2 B3 /COUT2 
VCC 


IF 
(VCC) COUT2 
/CLR*BO*Bl*B2*B3 
+ /CLR* 
/HEX*BO*B3 


/B3 
:= 
CLR 
+ /CLR*/B3 
:+:/CLR*CO*Cl*C2*C3*C4*CS*C6*CIN*BO*Bl*B2 
+ /CLR* 
/HEX*BO*B3 


/B2:= 
CLR 
+ /CLR*/B2 
:+:/CLR*CO*Cl*C2*C3*C4*CS*C6*CIN*BO*Bl 


/Bl:= 
CLR 
+ /CLR*/Bl 
:+:/CLR* 
HEX*CO*Cl*C2*C3*C4*CS*C6*CIN*BO 
+ /CLR* 
/HEX*CO*Cl*C2*C3*C4*CS*C6*CIN*BO*/B3 


/BO 
:= 
CLR 
+ /CLR*/BO 
:+:/CLR*CO*Cl*C2*C3*C4*CS*C6*CIN 


/A3 
:= 
CLR 
+ /CLR*/A3 


:+:/CLR*CO*Cl*C2*C3*C4*CS*C6*AO*Al*A2 


+ /CLR* 
/HEX*AO*A3 


/A2:= 
CLR 
+ /CLR*/A2 
:+:/CLR*CO*Cl*C2*C3*C4*CS*C6*AO*Al 


/Al:= 
CLR 
+ /CLR*/Al 


:+:/CLR* 
HEX*CO*Cl*C2*C3*C4*CS*C6*AO 


+ /CLR* 
/HEX*CO*Cl*C2*C3*C4*CS*C6*AO*/A3 


/AO 
:= 
CLR 
+ /CLR*/AO 


:+:/CLR*CO*Cl*C2*C3*C4*CS*C6 


IF 
(VCC) COUTI 
/CLR* 
HEX*AO*Al*A2*A3 
+ /CLR*/HEX*AO*A3 


;HEX COUNT 
CARRY 
OUT 
;BCD COUNT 
CARRY 
OUT 


;CLEAR 
;HOLD, 
MSB 
OF 
STAGE 
2 
;INCREMENT 
;CLEAR 
IF BCD 
& COUNT=9 


;HEX COUNT, 
INT. 
CARRY 
;BCD COUNT, 
INT. 
CARRY 


HEX 
CLR 
CK 
OC 
CO 
C1 
C2 
C3 
C4 
C5 
C6 


COUT2 
B3 
B2 
B1 
BO 
COUT1 
A3 
A2 
Al 
AO 
CIN 


;H 
CCOCC 
C 
C 
C 
C 
C 
C 
B 
B 
B 
B 
C 
A A A A C 


;E 
L 
K C 
0 
1 
2 
3 
4 
5 
603 
2 
1 
0 
0 
3 
2 
1 
0 
I 


;X 
R 
U 
U 
N 
T 
T 
2 
1 
COMMENT 


----------------------------------------------------------------------- 
X H 
C 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
CLEAR 


X H C 
H 
H H 
H H H H H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
HOLD, 
HEX 
COUNT 
00 


H 
L 
C 
H H H H H H H H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H H 
HEX 
COUNT 
11 


H 
L 
C 
H H H 
H H H H H 
L 
L 
L 
H 
L 
L 
L 
L 
H 
L 
H 
22 


H 
L 
C 
H H 
H H H H H H 
L 
L 
L 
H H 
L L L H H H 
33 


H 
L 
C 
H 
H H 
H H H H H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
H 
44 


H 
L 
C 
H H 
H H H H H 
H L 
L 
H 
L 
H 
L 
L 
H L 
H H 
55 


H 
L 
C 
H H 
H H H 
H H H 
L 
L 
H H 
L 
L 
L 
H H 
L 
H 
66 


H 
L 
C 
H H 
H H 
H H H H L 
L 
H H H 
L 
L 
H H H H 
77 


H 
L 
C 
H H H 
H H H H H 
L 
H 
L 
L 
L 
L 
H 
L 
L 
L 
H 
88 


H 
L 
C 
H H 
H H 
H H H 
H 
L 
H 
L 
L 
H L 
H 
L 
L 
H H 
99 


H 
L 
C 
H H H H 
H H H H 
L 
H L 
H 
L 
L 
H 
L 
H 
L 
H 
AA 


H 
L 
C 
H H H 
H H H H H 
L 
H L 
H H L 
H 
L 
H 
H H 
BB 


H 
L 
C 
H H H 
H H H H H 
L 
H H 
L 
L 
L 
H H 
L 
L 
H 
CC 


H 
L 
C 
H H H 
H H H H H 
L 
H H L 
H 
L 
H H 
L 
H H 
DD 


H 
L 
C 
H H H H 
H H H H 
L 
H H H 
L 
L 
H H 
H L 
H 
EE 


H 
L 
C 
H H H 
H H H H 
H H H H H H H 
H H H 
H H 
FF 


H 
L 
C 
H H 
H H H H H H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
BCD 
COUNT 
00 


L 
L 
C 
H H H 
H H H H H 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H H 
11 


L 
L 
C 
H H H 
H H H H H 
L 
L 
L 
H 
L 
L 
L 
L 
H 
L 
H 
22 


L 
L 
C 
H H 
H H H H H H 
L 
L 
L 
H H 
L 
L 
L 
H H H 
33 


L 
L 
C 
H H 
H H 
H H H H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
L 
H 
44 


L 
L 
C 
H H H 
H H H H H 
L 
L 
H 
L 
H 
L 
T" 
H L 
H H 
55 


L 
L 
C 
H H 
H 
H H H H H 
L 
L 
H H 
L 
L 
L 
H H 
L 
H 
66 


L 
L 
C 
H H H 
H H H H H 
L 
L 
H H H 
L 
L 
H H H H 
77 


L 
L 
C 
H H H 
H H H H H 
L 
H L 
L 
L 
L 
H 
L 
L 
L 
H 
88 


L 
L 
C 
H H H 
H H H H H 
H H 
L 
L 
H H H 
L 
L 
H H 
99 


L 
L 
C 
H 
H H 
H H H H 
H L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
100 


----------------------------------------------------------------------- 


FOUR 
IDENTICALLY 
PROGRAMMED 
PALS 
ARE 
USED 
TO DRIVE 
EIGHT 
OF 
HP'S 
NUMERIC 
AND 
HEX 
INDICATORS 
(5082-7340). 
EACH 
PAL 
CONSISTS 
OF 
TWO 
FOUR 
BIT 
COUNTERS. 


STAGE 
1 IS THE 
LSB 
AND 
STAGE 
2 IS THE 
MSB. 
CARRYOUT 
OF 
STAGE 
1 IS CALLED 
INTERNAL 
CARRY 
(COOTl) 
AND 
IS FED 
EXTERNALLY 
TO 
STAGE 
2. 
COUT2 
IS FED 
INTO 


THE 
NEXT 
PAL. 
CARRYOUT 
AND 
INTERNAL 
CARRYS 
FROM 
THE 
LOWER 
PAL 
ARE 
CONNECTED 
TO 
ALL 
OF 
THE 
HIGHER 
PALS 
TO 
PERFORM 
THE 
CARRY 
LOOK 
AHEAD 
OPERATION. 


THESE 
PALS 
HAVE 
TESTABILITY 
BUILT 
INTO 
THEM. 
COUTI 
IS CONNECTED 
TO 
CIN 
EXTERNALLY 
AND 
CAN 
FORCE 
COUTI 
TO GO 
HIGH, 
THUS 
STAGE 
2 MAY 
START 
COUNTING 


AT 
THE 
SAME 
TIME 
AS 
STAGE 
1 WHICH 
REDUCES 
THE 
NUMBER 
OF 
TEST 
VECTORS 
IN THE 


FUNCTION 
TABLE. 


CLEAR 
COUNT 
BCD 
COUNT 
HEX 


1 COXI11I11I1XOHLLLLLLLLHI 
2 COXOOOOOOOOXOHLLLLLLLLHI 
3 CI100000000XOHHLLLHLLLHI 
4 CII00000000XOHLHLLLHLLHI 
5 CII00000000XOHHHLLHHLLHI 
6 CI100000000XOHLLHLLLHLHI 
7 CII00000000XOHHLHLHLHLHI 
8 CI100000000XOHLHHLLHHLHI 
9 CI100000000XOHHHHLHHHLHI 


10 CI100000000XOHLLLHLLLHHI 
11 CII00000000XOHHLLHHLLHHI 
12 CII00000000XOHLHLHLHLHHI 
13 CII0POOOOOOXOHHHLHHHLHHI 
14 CII00000000XOHLLHHLLHHHI 
15 CI100000000XOHHLHHHLHHHI 
16 CII00000000XOHLHHHLHHHHI 
17 CII00000000XOLHHHHHHHHLI 
18 CII00000000XOHLLLLLLLLHI 
19 CI000000000XOHHLLLHLLLHI 
20 CI000000000XOHLHLLLHLLHI 
21 CI000000000XOHHHLLHHLLHI 
22 CI000000000XOHLLHLLLHLHI 
23 CI000000000XOHHLHLHLHLHI 
24 CI000000000XOHLHHLLHHLHI 
25 CI000000000XOHHHHLHHHLHI 
26 CI000000000XOHLLLHLLLHHI 
27 CI000000000XOLHLLHHLLHLI 
28 CI000000000XOHLLLLLLLLHI 


BCD/Hex Counter 


BCD/HEX 
COUNTER 


11 
1111 
1111 
2222 
2222 
2233 
3333 
3333 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 
1 x--- --x- --x- --x- --x- 
/CLR*BO*Bl*B2*B3 


2 x--- -xx- 
--x- 
/CLR*/HEX*BO*B3 


8 -x-- 
CLR 


9 x--- ---x 
/CLR*/B3 


10 x--- 
-xx- -xx- -xx- -x-- -x-- -x-- -x-- -x-- /CLR*CO*Cl*C2*C3*C4*C5*- 
11 x--- -xx- 
--x- 
/CLR*/HEX*BO*B3 


16 -x-- 
CLR 


17 x--- 
---x 
/CLR*/B2 


18 x--- 
-x-- -xx- -xx- -x-- -x-- -x-- -x-- -x-- /CLR*CO*Cl*C2*C3*C4*C5*- 


24 -x-- 
CLR 


25 x--- 
---x 
/CLR*/Bl 


26 X--- x--- -x-- -x-- -xx- -x-- -x-- -x-- -x-- -x-- /CLR*HEX*CO*Cl*C2*C3*C4- 
27 x--- -x-x -x-- -x-- -xx- -x-- -x-- -x-- -x-- -x-- /CLR*/HEX*CO*Cl*C2*C3*C- 


32 -x-- 
CLR 


33 x--- 
---x 
/CLR*/BO 


34 x--- 
-x-- -x-- -x-- -x-- -x-- -x-- -x-- -x-- /CLR*CO*Cl*C2*C3*C4*C5*- 


40 -x-- 
CLR 


41 x--- 
---x 
/CLR*/A3 


42 x--- 
-x-- -x-- -x-- -x-- -xx- -xx- -xx- 
/CLR*CO*Cl*C2*C3*C4*C5*- 
43 x--- -x-- 
--x- 
--x- 
/CLR*/HEX*AO*A3 


48 -x-- 
CLR 


49 x--- 
---x 
/CLR*/A2 


50 x--- 
-x-- -x-- -x-- -x-- -x-- -xx- -xx- 
/CLR*CO*Cl*C2*C3*C4*C5*- 


56 -x-- 
CLR 


57 x--- 
---x 
/CLR*/Al 


58 x--- x--- -x-- -x-- -x-- -x-- -x-- -x-- -xx- 
/CLR*HEX*CO*Cl*C2*C3*C4- 
59 x--- -x-- -x-- -x-- -x-- -x-x -x-- -x-- -xx- 
/CLR*/HEX*CO*Cl*C2*C3*C- 


64 -x-- 
CLR 


65 x--- 
---x 
/CLR*/AO 


66 x--- 
-x-- -x-- -x-- -x-- -x-- -x-- -x-- 
/CLR*CO*Cl*C2*C3*C4*C5*- 


72 
73 x--- x--- 
--x- --x- --x- --x- 
/CLR*HEX*AO*Al*A2*A3 
74 x--- -x-- 
--x- 
--x- 
/CLR*/HEX*AO*A3 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,l) 


NUMBER 
OF 
FUSES 
BLOW 
= 1204 
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Notes 


64k Dynamic RAM 
Refresh Controller 


VCC 


CARRY IN 


A3-Ao 


PAl2OX4 
0J-OO 


64k Dynamic RAM Refresh Controller 


PAL20X4 
DYNRAM 
64k 
DYNAMIC 
RAM 
REFRESH 
CONTROLLER 
MMI 
FIELD 
APPLICATIONS 
ENGINEER 
NEWTON, 
MASSACHUSETTS 
COUNT 
AO 
A1 
A2 
A3 
AS A9 
A10 
All 
REFEN 
ROWEN 
GND 
/oe 
/CARRYOUT 
03 02 
C3 C2 
C1 CO 
01 
00 
/CARRYIN 
VCC 


PAL 
DESIGN 
SPECIFICATION 
MIKE 
VOLPIGNO 
07/15/81 


/CO 
:= 
/CO 
jINCR 
REF 
ADDRESS 
COUNTER 
+ 
REFEN*/ROWEN 
:SET 
REF 
COUNTER 
:+: 
CARRY IN 
jINCR 
REF 
COUNTER 
+ 
REFEN*/ROWEN 
:SET 
REF 
COUNTER 


/C1 
:= 
/C1 
jINCR 
REF 
COUNTER 
+ 
REFEN*/ROWEN 
:SET 
REF 
COUNTER 
:+: 
CARRYIN* 
CO 
jINCR 
REF 
COUNTER 
+ 
REFEN* /ROWEN 
jSET 
REF 
COUNTER 


/C2 
:= 
/C2 
:INCR 
REF 
COUNTER 
+ 
REFEN*/ROWEN 
jSET 
REF 
COUNTER 
:+: 
CARRYIN* 
CO* 
C1 
jINCR 
REF 
COUNTER 
+ 
REFEN*/ROWEN 
jSET 
REF 
COUNTER 


/C3 
:= 
/C3 
jINCR 
REF 
COUNTER 
+ 
REFEN*/ROWEN 
jSET 
REF 
COUNTER 
:+: 
CARRYIN* 
Co* 
C1* 
C2 
:INCR 
REF 
COUNTER 
+ 
REFEN*/ROOEN 
:SET 
REF 
COUNTER 


IF 
(VCC) 
/00 
/AO*/REFEN* 
ROWEN 
:SELECT 
LOWER 
ADDRESS 
19 
+ 
/A8*/REFEN*/ROWEN 
jSELECT 
UPPER 
ADDRESS 
+ 
/Co* 
REFEN* 
ROWEN 
jSELECT 
REFRESH 
ADDRESS 


IF 
(VCC) 
/01 
/A1*/REFEN* 
ROWEN 
jSELECT 
LOWER 
ADDRESS 
+ 
/A9*/REFEN*/ROWEN 
jSELECT 
UPPER 
ADDRESS 
+ 
/C1 * REFEN* 
ROWEN 
jSELECT 
REFRESH 
ADDRESS 


IF 
(VCC) 
/02 
/A2* 
/REFEN* 
ROWEN 
jSELECT 
LOWER 
ADDRESS 
+ 
/A10*/REFEN*/ROWEN 
jSELECT 
UPPER 
ADDRESS 
+ 
/C2* 
REFEN* 
ROWEN 
jSELECT 
REFRESH 
ADDRESS 


IF 
(VCC) 
/03 
/A3* 
/REFEN* 
ROWEN 
jSELECT 
LOWER 
ADDRESS 
+ 
/A11*/REFEN*/ROWEN 
jSELECT 
UPPER 
ADDRESS 
+ 
/C3* 
REFEN* 
ROWEN 
jSELECT 
REFRESH 
ADDRESS 


IF 
(VCC) 
CARRYOUT 
= 
CARRYIN* 
CO* 
C1* 
C2* 
C3 
jCARRY 
OUT 


64k Dynamic RAM Refresh Controller 


FUNCTION 
TABLE 


AO 
Al 
A2 
A3 
A8 
A9 AI0 
All 
COUNT 
loe 
REFEN 
ROWEN 
ICARRYIN 
ICARRYOUT 
03 
02 01 
00 
C3 
C2 
Cl 
CO 


;--DATA- 
--CARRIES-- 
;AAAAAAAA 
----CONTROLS--- 
I 
I 
11 
COU 
I 
REF 
ROW 
CARRY 
CARRYססoo 
CCCC 
;32101098 
NT 
oe 
EN 
EN 
IN 
OUT 
3210 
3210 
COMMENTS 
------------------------------------------------------------------------- 
XXXXXXXX 
C 
L 
H 
L 
H 
H 
HHHH 
HHHH 
SET 
REF 
CNTR 
XXXXLLLI, 
C 
L 
L 
L 
H 
H 
LLLL 
HHHH 
UPPER 
ADDR 
LOW 
XXXXHHHH 
C 
L 
L 
L 
H 
H 
HHHH 
HHHH 
UPPER 
ADDR 
HI 
LLLLXXXX 
C 
L 
L 
H 
H 
H 
LLLL 
HHHH 
LOWER 
ADDR 
LOW 
HHHHLLLL 
C 
L 
L 
H 
H 
H 
HHHH 
HHHH 
LOWER 
ADDR 
HI 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LLLL 
LLLL 
INCR 
REF 
ADDR 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LLLH 
LLLH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LLHL 
LLHL 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LLHH 
LLHH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LHLL 
LHLL 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LHLH 
LHLH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LHHL 
LHHL 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
LHHH 
LHHH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HLLL 
HLLL 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HLLH 
HLLH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HLHL 
HLHL 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HLHH 
HLHH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HHLL 
HHLL 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HHLH 
HHLH 
XXXXXXXX 
C 
L 
H 
H 
L 
H 
HHHL 
HHHL 
XXXXXXXX 
C 
L 
H 
H 
L 
L 
HHHH 
HHHH 
CARRY 
OUT 
XXXXXXXX 
X 
H 
X 
X 
X 
X 
XXXX 
ZZZZ 
TEST 
HI-Z 
------------------------------------------------------------------------- 


TWO 
IDENTICALLY 
PROGRAMMED 
PAL20X4 
CAN 
PERFORM 
THE 
64k 
DYNAMIC 
RAM 
REFRESH 
CONTROL 
FUNCTION. 


EITHER 
COLUMN 
OR 
ROW 
ADDRESSES 
TO 
THE 
RAM 
ARE 
SELECTED 
DEPENDING 
ON 
ROW 
ENABLE 
(ROWEN). 


AN 
ADDRESS 
COUNTER 
(C3-CO) 
IS SELECTED 
DURING 
REFRESH 
WHEN 
ROW 
ENABLE 
(ROWEN) 
IS HIGH. 


THESE 
OPERATIONS 
ARE 
EXERCISED 
IN THE 
FUNCTION 
TABLE 
AND 
SUMMERIZED 
IN 
THE 
OPERATIONS 
TABLE: 


H 
X 
X 
X 
Z 
HI-Z 
L 
C 
L 
L 
A3-AO 
SELECT 
LOW 
ADDR 
BITS 
L 
C 
L 
H 
All-A8 
SELECT 
UPPER 
ADDR 
BITS 
L 
C 
H 
H 
C3-CO 
SELECT 
REFRESH 
ADDR 
BITS 
L 
C 
H 
L 
H 
SET 
REFRESH 
COUNTER 


64k Dynamic RAM Refresh Controller 


1 CXXXXXXXX10XOHHHHHHHHHl1 
2 CXXXXOOOOOOXOHLLHHHHLLl1 
3 CXXXXl11100XOBHHHHHHHHl1 
4 COOOOXXXX01XOHLLHHHHLL11 
5 C1111000001XOBHHHHHHHHl1 
6 CXXXXXXXXl1XOHLLLLLLLLD1 
7 CXXXXXXXXl1XOHLLLLLHLB01 
8 CXXXXXXXXl1XOHLLLLHLHLD1 
9 CXXXXXXXXl1XOHLLLLHHHH01 


10 CXXXXXXXXl1XOHLHLHLLLLD1 
11 CXXXXXXXXl1XOHLHLHLHLH01 
12 CXXXXXXXXl1 XOHLHLHHLHLO 1 
13 CXXXXXXXXl1XOHLHLHHHHH01 
14 CXXXXXXXXl1XOHHLHLLLLLD1 
15 CXXXXXXXXl1XOHHLHLLHLH01 
16 CXXXXXXXXl1XOHHLHLHLHLD1 
17 CXXXXXXXXl1XOHHLHLHHHH01 
18 CXXXXXXXXl1 XOHHHHHLLLLD1 
19 CXXXXXXXXl1XOBHHHHLHLH01 
20 CXXXXXXXXl1XOHBHHHHLHLD1 
21 CXXXXXXXXl1XOLHHHHHHHH01 
22 XXXXXXXXXXXXlXXXZZZZXXXl 


64k Dynamic RAM Refresh Controller 


64k 
DYNAMIC 
RAM 
REFRESH 
CONTROLLER 


11 
Ull 
1111 
2222 
2222 
2233 
3333 
3333 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


8 
9 -x-- 
-x-- x--- /AO*/REFEN*ROWEN 


10 
-x-- 
-x-- -x-- 
/A8*/REFEN*/ROWEN 


II 
---x 
x--- x--- 
/CO*REFEN*ROWEN 


16 
17 
-x-- 
-x-- x--- /Al*/REFEN*ROWEN 


18 
-x-- 
-x-- -x-- /A9*/REFEN*/ROWEN 


19 
---x 
x--- x--- 
/Cl*REFEN*ROWEN 


24 
---x 
/CO 


25 
x--- -x-- 
REFEN*/ROWEN 


26 ---x 
CARRYIN 


27 
x--- -x-- 
REFEN*/ROWEN 


32 
---x 
/Cl 


33 
x--- -x-- 
REFEN*/ROWEN 


34 ---x 
--x- 
CARRYIN*CO 


35 
x--- -x-- 
REFEN*/ROWEN 


40 
---x 
/C2 


41 
x--- -x-- 
REFEN*/ROWEN 


42 ---x 
--x- --x- 
CARRYIN*CO*C1 


43 
x--- -x-- REFEN*/ROWEN 


48 
---x 
/e3 


49 
x--- -x-- 
REFEN*/ROWEN 


50 ---x 
--x- --x- --x- 
CARRYIN*CO*Cl*C2 


51 
x--- -x-- 
REFEN*/ROWEN 


56 
57 
-x-- 
-x-- x--- 
/A2*/REFEN*ROWEN 


58 
-x-- 
-x-- -x-- 
/AI0*/REFEN*/ROWEN 


59 
---x 
x--- x--- 
/C2*REFEN*ROWEN 


64 
65 
-x-- 
-x-- x--- 
/A3*/REFEN*ROWEN 


66 
-x-- -x-- -x-- 
/A11*/REFEN*/ROWEN 


67 
---x 
x--- x--- 
/C3*REFEN*ROWEN 


72 
73 ---x 
--x- --x- --x- --x- 
CARRYIN*CO*Cl*C2*C3 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,I) 


NUMBER 
OF 
FUSES 
BLOW = 1289 


64k Dynamic RAM Refresh Controller 


1 
•..•. 
•..... 


• 
11 
J 
4 S., 
1'"11 
11 U U 
IS 
Ii If '1'1 
I' 
21 n 
lJ 
,. 
IS 1I H 
lIl'JlJ' 
n)):Mn 
li 
H lilt 
· 
- 
, 
OAC 
.-;.J 


23 
· 
V 


1 


, 


~ 
C 


10">" 


I 
- 
· 
B 


.J 
22 
" 
VI 
" 


~ 
.~~ 


" 
- 


" 


....., 
.J 


21 
" 
~/ 
•.... 


1 


" 


4 


" 
IDD-~*- 


" 
20 
.. 
" 
0..- 


S 
~ 


" 
- - 


*" 


" 
~D- t4l 


19 
,. 
" 
6 
. 


:lit 
.. 
~~D- 
~ 
" 


~ 


16 
" 
::- 


u 
{:::5:J 


1 
:lit 
.. 
~R:JD-~ ~ 
.. 
11 
"" 
..:). 
~ 


8 


" 
J 
" 
13: 


16 
" 
~I 


" 


9 
<el- 


l< 
J. 
.. 
i< 


15 
" 
~I 
.. 


10 


"n 
J. 
14 
.. 
" 
~I 
11 
A.. 
13 
......•. 


C1D 


State Counter for 
Multiplier /Divider 


**G 
.0) 


* Loop 
3 times for multiplication. 


**Loop 
6 times for fractional 
division, 
or 7 times for integer 
division. 


State Counter Using PAL16R4 
for Multiplier/Divider 


ClOCK-L 
PAL16R4 


VCC 


19 


18 
(lSB) 
Q1 


}ST'TUS 


Q2 


Q3 


Q4 


13 
(MSB) 


12 


GND 


VCC 


CP 


/lD 


OVR 


B15 


INSTRUCTION 1 


INSTRUCTION 
STARTING 
STATE 
NEXT 
STATE 
CODE 


0, 1, 2, 3 
0,8, 
10 
4 
4 
0,8, 
10 
5 


5 
0 
1 


5, 7 
8, 10 
0 


6 
0,8, 
10 
1 
7 
0, 8, 10 
0 


PAL16R4 
STCNT 
STATE COUNTER 
FOR MULTIPLIER/DIVIDER 


MMI MUNICH GmbH 
CLK IO II I2 NC NC NC NC NC GND 
IOC 12 13 Q4 Q3 Q2 Q1 18 19 VCC 


PAL DESIGN SPECIFICATION 
WILLY VOLDAN 
01/27/81 


II2 *III*IIO 
II2*/II* 
IO 
II2* 
II*/IO 
II2* 
II* IO 


IF(VCC) /18 
Q1* Q2* Q3*/Q4 
+ 
Q1* Q2* Q3* Q4 
+ 
Ql*/Q2* 
Q3*/Q4 
+ IQ1* 
Q2* Q3* Q4 
+ IQ1*/Q2* 
Q3* Q4 
+ IQ1*/Q2* 
Q3*/Q4 


IQ4 
:= 
Q1* Q2*/Q3*/Q4 
+ 
Q1*/Q2*/Q3*/Q4 
+ IQl*/Q2* 
Q3* Q4* I2* I1*/IO 
+ 
Q1* Q2*/Q3* Q4 
+ IQl* 
Q2*/Q3* 
Q4 
+ 
Ql*/Q2*/Q3* 
Q4 
+ IQl* 
Q2*/Q3*/Q4 


/Q3 
:= 
19* 18 
+ 
18 
* I2*/I1*/IO 
+ IQ1* 
Q2* Q3* Q4* I2*/I1* 
IO 
+ IQ1*/Q2* 
Q3* Q4* I2*/I1* 
IO 
+ /Q1*/Q2* 
Q3*/Q4* 
I2*/I1* 
IO 
+ IQ1*/Q2*/Q3* 
Q4 
+ IQ1*/Q2*/Q3*/Q4 
+ /13 


IQ2 
:= /Q1* Q2* Q3* Q4* I2* II*/IO 
+ IQ1*/Q2*/Q3* 
Q4 


+ /Q1*/Q2*/Q3*/Q4 
+ 
Q1*/Q2*/Q3*/Q4 
+ IQ1*/Q2* 
Q3* Q4* I2* II*/IO 
+ 
Q1*/Q2*/Q3* 
Q4 
+ IQ1* 
Q2*/Q3*/Q4 


/Q1 
:= 
Q1* Q2* Q3*/Q4* 
I2* II*/IO 
+ 
Q1* Q2* Q3* Q4* I2*/II* IO 
+ 
Q1* Q2* Q3* Q4* I2* II*/IO 
+ 
Q1*/Q2* 
Q3*/Q4* 
I2* II*IIO 
+ IQl*/Q2* 
Q3*/Q4* 
I2* II*/IO 
+ IQ1* 
Q2* Q3* Q4* I2* II*/IO 
+ 
18 
* I2*/II*/IO 
+ 
/12 


IF(VCC) /13 
:= 
Ql* Q2*/Q3* 
04 
+ /Ql* Q2*/Q3* 
Q4 
+ 
Ql*/Q2*/Q3* 
04 
+ /Ql* Q2*/Q3*/04 


IF(VCC) /12 
:= /Ql* Q2* Q3* Q4* I2*/Il* 
IO 
+ /Ql*/Q2* 
Q3* 04* I2*/Il* 
IO 
+ /Ql*/Q2* 
Q3*/04* 
I2*/Il* 
IO 
+ /Ql*/Q2*/Q3*/04 
+ /Ql*/Q2* 
Q3* 04* I2* Il*/IO 
+ /Ql* Q2*/Q3* 
04 
+ /Ql* Q2*/Q3*/Q4 


FUNCTION 
TABLE 


/OC CLK IO Il I2 12 13 18 19 Q4 Q3 Q2 Ql 


INST 
STATE 


1CONTROL 
III 
1 1 1 1 
QQQQ 
1/OC CLK 
012 
238 
9 
4321 
COMMENTS 


--------------------------------------------- 


L 
C 
BHL 
XX-XX 
HBBH 
L 
C 
aLa 
XXXX 
BBHL 


L 
C 
LBH 
X X X X 
BHLL 
L 
C 
BBH 
X X X X 
HBBH 
L 
C 
BLH 
X X X X 
BHHL 
L 
C 
LBH 
X X X X 
BHLL 
L 
C 
BLH 
L X X X 
aLHL 


L 
C 
XXX 
L L X X 
LLBL 


L 
C 
XXX 
x x x X 
LHLH 


L 
C 
aLa 
x a x x 
HBBH 
a 
x 
xxx 
x x x x 
ZZZZ 
DISABLED 


IN MANY SEQUENTIAL 
CIRCUITS 
IT IS DESIRABLE 
TO KNOW THE STATE OF THE 
SYSTEM. 
THIS PALl6R4 APPLICATION 
IS AN EXAMPLE OF A STATE COUNTER 
FOR 
THE MMI SEQUENTIAL 
MULTIPLIER/DIVIDER. 


THE STATES ARE REPRESENTED 
BY A FOUR BIT COUNTER WHERE Ql IS THE LEAST 


SIGNIFICANT 
BIT AND 04 IS THE MOST SIGNIFICANT 
BIT. 


THE NEXT--STATE OF THE COUNTER AND THE MULTIPLIER/DIVIDER 
IS A FUNCTION 
THE PRESENT STATE AND THE INSTRUCTION 
LINES 
I2-IO. 
FOR EXAMPLE 
IF THE 
MACHINE 
IS AT STATE 0 AND THE INSTRUCTION 
IS 0,1,2 OR 3 THEN THE NEXT 
STATE IS 4 
(MULTIPLY INSTRUCTION), 
IF THE INSTRUCTION 
IS 5 (DIVIDE 
INSTRUCTION), 
ETC. 


1 C110XXXXXXOXXHBHHXX1 
2 C101XXXXXXOXXHHHLXX1 
3 COllXXXXXXOXXHHLLXX1 
4 C111XXXXXXOXXHHHHXX1 
5 C101XXXXXXOXXHBHLXX1 
6 COllXXXXXXOXXHHLLXX1 
7 C101XXXXXXOLXBLHLXX1 
8 CXXXXXXXXXOLLLLHLXX1 
9 CXXXXXXXXXO XXLHLHXXl 


10 C101XXXXXXOXHHHHHXX1 
11 XXXXXXXXXX1XXZZZZXX1 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


o 
---- 
---- 
---- 
---- 
---- 
---- 


1 -X- 
-X- 
-X-- ---- ---- ---- ---- ---- /I2*/Il*/IO 


2 X-- 
-X-- -X-- ---- ---- --- 
---- ---- /I2*/I1*IO 


3 -x-- X--- -X-- ---- ---- ---- ---- ---- /I2*I1*/IO 
4 X-- 
X--- -X- 
---- ---- ---- ---- ---- /I2*I1*IO 


8 
---- ---- ---- ---- ---- ---- 


9 
--X- --X- -x- ---x --- 
---- Q1*Q2*Q3*/Q4 


10 --- 
---- --X- --x- --X- -X- 
---- ---- Q1*Q2*Q3*Q4 


11 --- 
---- --X- ---x -x- 
---x ---- ---- Q1*/Q2*Q3*/Q4 


12 --- 
---- ---x -x- 
--X- --x- ---- ---- /Q1*Q2*Q3*Q4 


13 
---- ---x ---x -X- 
--X- ---- ---- /Q1*/Q2*Q3*Q4 


14 --- 
---- ---x --x -X- 
---x --- 
---- 
/Q1*/Q2*Q3*/Q4 


16 -x- 
x-- 
x-x- -X- 
--X- ---x --- 
---- Q1*Q2*Q3*/Q4*I2*I1*/IO 


17 x--- -x-- x-x- --x- --x- -x- 
---- ---- Q1*Q2*Q3*Q4*I2*/I1*IO 


18 -x- 
x--- x-x- --x- -x- 
-x- 
---- ---- Q1*Q2*Q3*Q4*I2*I1*/IO 


19 -x-- x--- x-x- ---x -x- 
---x --- 
---- Q1*/Q2*Q3*/Q4*I2*I1*/IO 


20 -x-- x--- x--x --x 
-x- 
---x --- 
---- /Q1*/Q2*Q3*/Q4*I2*I1*/IO 


21 -x- 
x--- x--x --x- --x- -x- 
---- ---- /Q1*Q2*Q3*Q4*I2*I1*/IO 


22 -x-- -XX- x--- --- 
---- ---- ---- ---- 18*I2*/I1*/IO 


23 --- 
---- ---- ---- ---- ---- ---- ---x /12 


11 1111 1111 2222 2222 2233 


0123 4567 8901 
2345 6789 0123 4567 8901 


24 -x-- x--- x--x --x- --x- --x- ---- ---- 
/Q1*Q2*Q3*Q4*12*11*/10 


25 
---- ---x ---x ---x --x- ---- ---- 
/Q1*/Q2*/Q3*Q4 


26 
---- ---x ---x ---x ---x ---- ---- 
/Q1*/Q2*/Q3*/Q4 


27 
---- --x- ---x ---x ---x ---- ---- 
Ql*/Q2*/Q3*/Q4 


28 -x-- x--- x--x ---x --x- --x- ---- ---- 
/Q1*/Q2*Q3*Q4*12*11*/10 


29 
---- --x- ---x ---x --x- ---- ---- Q1*/Q2*/Q3*Q4 


30 
---x --x- ---x ---x ---- ---- 
/Q1*Q2*/Q3*/Q4 


32 --x- --x- ---- ---- ---- ---- ---- ---- 19*18 
33 -x-- -xx- x--- ---- ---- ---- ---- ---- 
18*12*/11*/10 


34 x--- -x-- x--x --x- --x- --x- ---- ---- 
/Q1*Q2*Q3*Q4*12*/1l*10 


35 x--- -x-- x--x ---x --x- --x- ---- ---- 
/Q1*/Q2*Q3*Q4*12*/1l*10 


36 x--- -x-- x--x ---x --x- ---x ---- ---- 
/Q1*/Q2*Q3*/Q4*12*/1l*10 


37 ---- ---- ---x ---x ---x --x- ---- ---- 
/Q1*/Q2*/Q3*Q4 


38 ---- ---- ---x ---x ---x ---x ---- ---- 
/Q1*/Q2*/Q3*/Q4 


39 ---- ---- ---- ---- ---- ---- ---x ---- /13 


40 ---- --- 
--x- --x- ---x ---x ---- ---- 
Q1*Q2*/Q3*/Q4 


41 --- 
--- 
--x- ---x ---x ---x ---- ---- 
Q1*/Q2*/Q3*/Q4 


42 -x-- x--- x--x ---x --x- --x- ---- ---- 
/Q1*/Q2*Q3*Q4*12*11*/10 


43 
---- --x- --x- ---x --x- ---- -- 
Q1*Q2*/Q3*Q4 


44 
---- ---x --x- ---x -x- ---- ---- /Q1*Q2*/Q3*Q4 


45 
---- --x- ---x ---x --x- ---- ---- 
Ql*/Q2*/Q3*Q4 


46 
---x --x- ---x ---x ---- 
/Q1*Q2*/Q3*/Q4 


48 
---- ---- ---- ---- ---- 


49 
---- --x- --x- ---x --x- ---- ---- 
Q1*Q2*/Q3*Q4 


50 
---- ---x --x- ---x --x- ---- ---- 
/Q1*Q2*/Q3*Q4 


51 
---- --x- ---x ---x --x- ---- ---- 
Q1*/Q2*/Q3*Q4 


52 
---x --x- ---x ---x ---- ---- 
/Q1*Q2*/Q3*/Q4 


56 
---- ---- ---- 


57 x--- -x-- x--x --x- --x- --x- 
/Ql*Q2*Q3*Q4*12*/1l*10 


58 x--- -x-- x--x ---x --x- --x- 
/Q1*/Q2*Q3*Q4*12*/1l*10 


59 x--- -x-- x--x ---x --x- ---x ---- 
/Ql*/Q2*Q3*/Q4*12*/1l*10 


60 
---- ---x ---x ---x ---x ---- ---- 
/Ql*/Q2*/Q3*/Q4 


61 -x-- x--- x--x ---x --x- --x- ---- ---- /Q1*/Q2*Q3*Q4*12*11*/10 
62 
---x --x- ---x --x- ---- ---- 
/Ql*Q2*/Q3*Q4 


63 
---x --x- ---x ---x ---- ---- 
/Ql*Q2*/Q3*/Q4 
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ALU/ Accumulator 


{ 


80 
4 


DATA 
81 


IN 
82 


83 


11 
AOI 


A1 
DATA 


A2 
OUT 


A3 


PAL16A4 
ALU 
ALU/ACCUMULATOR 
MMl SUNNYVALE, 
CALIFORNIA 
CLK 
10 
11 BO B1 B2 B3 12 13 
GNU 
/oe LI0 /P A3 A2 Al AO /G CIN VCC 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/COLI 
07/15/81 


CARRYO 
.EQU 
/13 */12 */11 */10 
* CIN 


CARRY1 
.EQU 
/13*/12*/11*/10 
* (AO*BO) 
+ /13*/12*/11*/10 
* (AO+BO) *CIN 


CARRY2 
.EQU 
/13*/12*/11*/10 
* (Al*B1) 
+ /13*/12*/11*/10 
* (Al+B1) * (AO*BO) 
+ /13*/12*/11*/10 
* (Al+B1) * (AO+BO) *CIN 


CARRY3 
.EQU 
/13*/12*/11*/10 
* (A2*B2) 
+ /13*/12*/11*/10 
* (A2+B2) * (Al*B1) 
+ /13*/12*/11*/10 
* (A2+B2) * (Al+B1) * (AO*BO) 
+ /13*/12*/11*/10 
* (A2+B2) *(Al+B1)*(AO*BO) 
*CIN 


/AO 
:= 
/13*/12*/11*/10* 
(AO:*:BO) 
;AO PLUS BO 
+ 
/13*/12* 
10* (/AO) 
;HOLD AO 
(AO AND) 
+ 
/13*/12* 
11*(/80) 
;LOAD BO 
( 
BO 
+ 
/13* 
12*/11*/10*(BO) 
;LOAD /80 
:+: /13* 
12*/11* 
10* (/AO*/80) 
;AO OR BO 
+ 
/13* 
12* 11*/10*/CIN 
;SHIFT LEFT AO 
+ 
/13* 
12* 11* 10* (/Al) 
;SHIFT RIGHT 
AO 
+ 
13* (/AO) 
;HOLD AO 
(LSB) 
+ 
CARRYO 
;AO PLUS BO PLUS 1 


/Al 
:= 
/13*/12*/11*/10* 
(Al:*:B1) 
;Al PLUS 
B1 
+ 
/13*/12* 
10* (/Al) 
;HOLD Al 
(Al AND) 
+ 
/13*/12* 
11*(/81) 
;LOAD B1 
( 
B1 
+ 
/13* 
12*/11*/10*(B1) 
;LOAD /81 
:+: 
/13* 
12*/11* 
10* (/Al*/81) 
;Al OR B1 
+ 
/13* 
12* 11*/10* (/AO) 
;SHIFT 
LEFT Al 
+ 
/13* 
12* 11* 10* (/A2) 
;SHIFT RIGHT 
Al 
+ 
13* (/Al) 
;HOLD Al 
+ 
CARRYl 
;Al PLUS B1 PLUS 1 


/A2 
:= 
/13*/12*/11*/10* 
(A2:*:B2) 
;A2 PLUS 
B2 
+ 
/13*/12* 
10* (/A2) 
;HOLD A2 
(A2 AND) 
+ 
/13*/12* 
11*(/82) 
;LOAD B2 
( 
B2 
+ 
/13* 
12*/11*/10* (B2) 
;LOAD /82 


:+: 
/13* 
12*/11* 
10* (/A2*/82) 
;A2 OR B2 
+ 
/13* 
12* 11*/10* (/Al) 
;SHIFT 
LEFT A2 
+ 
/13* 
12* 11* 10* (/A3) 
;SHIFT RIGHT 
A2 
+ 
13* (/A2) 
;HOLD A2 
+ 
CARRY2 
;A2 PLUS B2 PLUS 1 


/A3 
:= 
/I3*/I2*/Il*/IO*(A3:*:B3) 


+ 
/13*/12* 
IO*(/A3) 


+ 
/13*/12* 
Il*(/B3) 


+ 
/13* 
I2*/Il*/IO*(B3) 


:+: /13* 
12*/11* 
10* (/A3*/B3) 


+ 
/13* 
12* Il*/IO*(/A2) 


+ 
/13* 
12* 11* IO*/LIO 


+ 
I3*{/A3) 
+ 
CARRY3 


B3 
(A3 AND) 
( 
B3 


1A3 PLUS 
1HOLD A3 
1LOAD B3 
1LOAD /B3 
1A3 OR B3 
1SHIFT LEFT A3 
1SHIFT RIGHT 
A3 
1HOLD A3 
(MSB) 
1A3 PLUS B3 PLUS 1 


IF(VCC) 
G 
/13*/12*/11*/10 
* (A3*B3) 


+ 
/13*/12*/11*/10 
* (A3+B3) * (A2*B2) 


+ 
/13*/12*/11*/10 
* (A3+B3) * (A2+B2) * (Al*Bl) 


+ 
/13*/12*/11*/10 
* (A3+B3) * (A2+B2) *(Al+Bl)*(AO*BO) 


IF (VCC) 
P 
/13*/12*/11*/10 
* (A3+B3) *(A2+B2) * (Al+Bl) * (AO+BO) 


+ 
/13*/12*/11* 
10 * (/A3)*(/A2) * (/Al)*(/AO) 


+ 
/13*/12* 
11*/10 * (/B3)*(/B2) *(/Bl) *(/BO) 


+ 
/13*/12* 
11* 10 * (/A3+/B3) * (/A2+/B2) * (/Al+/Bl) *(/AO+/BO) 


+ 
/13* 
12*/11* 
10 * (/A3*/B3) * (/A2*/B2) * (/Al*/Bl) *(/AO*/BO) 


+ 
/13* 
12* 11*/10 * (/A2)*(/Al)*(/AO) */CIN 


+ 
/13* 
12* Il* 10 * /LIO*(/A3)*(/A2) * (/Al) 


IF (/I3* 12* Il*/10) /LIO 
(/A3) 
1SHIFT LEFT OUT 


IF (/I3* 12* Il* 10) /CIN 
(/AO) 
1SHIFT RIGHT OUT 


THE ALU ACCUMULATOR 
LOADS 
THE A-REGISTER 
WITH 
ONE OF EIGHT 
OPERANDS 
ON 


THE RISING 
EDGE OF THE CLOCK. 
G AND P OUTPUT 
GENERATE 
AND PROPAGATE 


ON THE ADD 
INSTRUCTION. 
P OUTPUTS 
OP = ZERO ON INSTRUCTIONS 
1,2,3,5,6,7. 


H 
X 
X 
X 
X 
X 
X 
X 
Z 
HI-Z 
A =Z 


L 
C 
L 
L 
L 
L 
X 
L 
A PLUS B 
ADD 
A:=A 
PLUS B 


L 
C 
L 
L 
L 
L 
X 
H 
A PL B PL 1 
ADD 
A:=A 
PLUS B PLUS 1 
L 
C 
L 
L 
L 
H 
X 
X 
A 
HOLD 
A:=A 


L 
C 
L 
L 
H 
L 
X 
X 
B 
LOAD 
A:=B 


L 
C 
L 
L 
H 
H 
X 
X 
AANDB 
AND 
A:=A*B 


L 
C 
L 
H 
L 
L 
X 
X 
/B 
LOAD COMP 
A:=/B 


L 
C 
L 
H 
L 
H 
X 
X 
A OR B 
OR 
A:=A+B 


L 
C 
L 
H 
H 
L 
X 
LI 
SL(A) 
SHIFT LEFT 


L 
C 
L 
H 
H 
H 
RI 
X 
SR(A) 
SHIFT 
RIGHT 


L 
C 
H 
X 
X 
X 
X 
X 
A 
HOLD 
A:=A 


A I II I A "''''II''''' .I ••.• ft. 


0 X--- X--- 
X--- 
-X-- /13*I2*Il*IO 


1 
xx-- 
/AO 


8 
9 -x-- -x-- 
x-xx -x-- -x-- /I3*/I2*/I1*/IO*A3*B3 


10 -x-- -x-- 
x-xx -x- 
-x-- -x-- /13 */12*/11*/10 *A3+B3 *A2*B2 
11 -x-- -x-- 
x-xx --x- --x- -x-- -x-- /13 */12*/11*/10 *A3+B3 *A2+B2*Al- 
12 -x-- -x-- x-xx -x- 
--x- -x- 
-x-- -x-- /I3*/I2*/I1*/IO*A3+B3*A2+B2*Al- 


16 -x-- -x-- x--x ---- 
-x-- -x-- /I3*/I2*/I1*/IO*AO:*:BO 


17 x--- 
xx-- ---- 
-x-- -x-- /13*/12*10* /AO 


18 
x--- -x-x ---- 
-x-- -x-- /I3*/I2*Il*/B0 


19 -x-- -x-- x-x- ---- 
x--- -x-- /I3*I2*/I1*/IO*BO 


20 x--- -x-- xx-x 
x-- 
-x-- /I3*I2*/I1*IO*/AO*/B0 


21 -x-x x--- 
x--- -x-- /I3*I2*I1*/IO*/CIN 


22 x--- x--- 
xx-- 
x--- -x-- /13 *I2*Il *10 */Al 


23 
xx-- 
x--- 
13*/AO 


24 -x-- -x-- 
x--x ---- 
-x-- -x-- /I3*/I2*/I1*/IO*Al:*:B1 


25 x--- 
xx-- ---- 
-x-- -x-- /13 */12*10* /Al 


26 
x--- 
-x-x ---- 
-x-- -x-- /13 */12 *Il*/B1 


27 -x-- -x-- 
x-x- ---- 
x--- -x-- /I3*I2*/I1*/IO*B1 


28 x--- -x-- 
xx-x ---- 
x-- 
-x-- /I3*I2*/I1*IO*/Al*/B1 


29 -x-- x--- xx-- 
x--- -x-- /I3*I2*I1*/IO*/AO 


30 x--- x--- 
xx-- ---- x--- -x-- /I3*I2*Il*IO* /A2 


31 
xx-- ---- ---- 
x--- 
I3*/Al 


32 -x-- -x-- 
x-x 
---- -x-- -x-- /I3*/I2*/I1*/IO*A2:*:B2 


33 x--- 
xx-- ---- -x-- -x-- /I3*/I2*IO*/A2 


34 
x--- 
-x-x ---- -x-- -x-- /I3*/I2*Il*/B2 


35 -x-- -x-- 
x-x- ---- x--- -x-- /I3*I2*/I1*/IO*B2 


36 x--- -x-- 
xx-x ---- x--- -x-- /I3*I2*/I1*IO*/A2*/B2 


37 -x-- x--- 
xx-- 
x-- 
-x-- /I3*I2*I1*/IO*/Al 


38 x--- x--- 
xx-- x--- -x-- /I3*I2*Il*IO* /A3 


39 
xx-- 
x--- 13*/A2 


40 -x-- -x-- 
x--x -x-- -x-- /13*/12* /Il */IO*A3: * :B3 


41 x--- 
xx-- -x-- -x-- /13*/12*10* /A3 


42 
x--- 
-x-x -x-- -x-- /13* /I2*Il* /B3 


43 -x-- -x-- 
x-x- x--- -x-- /I3*I2*/I1*/IO*B3 


44 x--- -x-- 
xx-x x--- -x-- /I3*I2*/I1*IO*/A3*/B3 


45 -x-- x--- 
xx-- 
x--- -x-- /I3*I2*I1*/IO*/A2 


46 x--- x--- 
x--- -x-x /I3*I2*I1*IO*/LIO 


47 
xx-- 
x--- 
13*/A3 


48 
49 -x-- -x-- -x- 
--x- --x- --x- -x-- -x-- /I3*/I2*/I1*/IO*A3+B3*A2+B2*Al- 
50 x--- -x-- xx-- xx-- xx-- xx-- -x-- -x-- /I3*/I2*/I1*IO*/A3*/A2*/Al*/AO 
51 -x- 
x--- -x-x -x-x -x-x -x-x -x-- -x-- /I3*/I2*I1*/IO*/B3*/B2*/B1*/B0 
52 x--- x--- -x-- -x-- -x-- -x-- -x-- -x-- /I3*/I2*I1*IO*/A3+/B3*/A2+/B2*- 
53 x-- 
-x-- xx-x xx-x xx-x xx-x x--- -x-- /I3*I2*/I1*IO*/A3*/B3*/A2*/B2*- 
54 -x-x x--- xx-- xx-- xx-- 
x-- 
-x-- /I3*I2*I1*/IO*/A2*/Al*/AO*/CIN 
55 x--- x--- 
xx-- xx-- xx- 
x--- -x-x /I3*I2*I1*IO*/LIO*/A3*/A2*/Al 
56 -x-- x--- 
x--- -x-- /13 *I2*Il */10 


57 
xx-- 
---- /A3 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,1) 


NUMBER 
OF FUSES 
BLOWN 
= 1270 
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Notes 


Stepper Motor Controller 


PAL16R4 


vcc 


alA 


E2A 
a3A 


aOA 


a2A 


aOB 


E2B 
a2B 


SB 
alB 
B 


DB 
a3B 


GND 


Stepper motors and linear actuators are used in a variety of 
applications requiring precise rotational and/or linear move- 
ment. Examples are printers, floppy disc drives, mechanical 
valves, etc. Stepper motors are two-phase permanent magnet 
motors which provide discrete angular movementeverytime the 
polarity of a winding is changed. In the case of linear actuators, 
the angular movement is converted to a linear movement via a 
load screw. In essence, they are dc motors without brushes, 
where the user provides commutation with external logic. 


One type of drive circuit, unipolar drive, is shown in Figure 1 
below. Two drive sequences are given in Tables lA and lB. 
Angular rotation is achieved by saturating the transistor drivers 
in the sequence shown in the appropriate table (full or half step). 
Now, assume the circuit of Figure 1 is connected to a stepper 
motor designed for 7.50 steps. By following the step sequence 
of Table lA (fUll step), the shaft will rotate 7.50 each time the 
state is changed. If the sequenceof Table 1B isfollowed, a 3.750 


(half step) rotation will result for each change of state. For both 
step sequences, the direction can be reversed by stepping 
backwards through the table (step 4-3-2-1-4-etc.). 


Table 1A 
FULL STEP SEQUENCE 


CLOCKWISE! 
ROTATION 


STEP 
QO 
Q1 
Q2 
Q3 


1 
1 
0 
1 
0 


2 
1 
0 
0 
1 


3 
0 
1 
0 
1 


4 
0 
1 
1 
0 


1 
1 
0 
1 
0 
r 


COUNTER- 
CLOCKWISE 
ROTATION 


Table 18 
HALF STEP SEQUENCE 


CLOCKWISE! 
ROTATION 


STEP 
QO 
Q1 
Q2 
Q3 
1 
1 
0 
1 
0 


2 
1 
0 
0 
0 
3 
1 
0 
0 
1 


4 
0 
0 
0 
1 
5 
0 
1 
0 
1 


6 
0 
1 
0 
0 
7 
0 
1 
1 
0 
8 
0 
0 
1 
0 
1 
1 
0 
1 
0 
r 


COUNTER- 
CLOCKWISE 
ROTATION 


In this application, one PAL16R4 can be used to provide the 
logic levels required to drive two stepper motors in the full 
step mode. Due to the high current drive required (100-400 
mAiphase), external inverting high current buffers would be 
used (ULN 2001 or equivalent). In the design, the following 
features are provided within the PAL: 


• Enable/Disable inputs to enable stepping of either section. (IE 


inputs). 


• Select clockwise or counter-clockwise rotation. 


• Set the motor to logic state step 1. 


A block diagram/pinout is shown in Figure 2. 


Stepper Motor Controller 


CLOCK 
E1 
E2 
S 
0 
FUNCTION 


X 
1 
X 
X 
X 
Hold 
motor 
in current 
position 


X 
X 
1 
X 
X 
Hold 
motor 
in current 
position 


t 
0 
0 
1 
X 
Set outputs 
to step 
1 levels 


I 
0 
0 
0 
0 
Step motor 
clockwise 


I 
0 
0 
0 
1 
Step motor 
counter-clockwise 


The 
full 
step 
sequence 
(Table 
1A) 
can 
be simplified 
from 
4 outputs 
to 2 outputs 
since 
01 
= 00 
and 
03 
= 02. 
The 
sequences 
can then 
be expressed 
as follows: 


0=0 
0=1 


STEP 
00 
02 
00 
02 


1 
1 
1 
1 
1 


2 
1 
0 
0 
1 


3 
0 
0 
0 
0 


4 
0 
1 
1 
0 


1 
1 
1 
1 
1 


when 
S = 1: 


00 
= 1 
01 
= 0 
02 
= 1 
03 
= 0 


when 
E1 = 1 or E2 = 1 


00 
= qO 
01 
= q1 
02 
= q2 
03 
= q3 


The step sequences can be converted to equations by use of a 
Karnaugh map. 
Although this example could be used "as is" in a stepper motor 
application, the programmability of PAL's could allow for any 
desired modifications. Changes to the circuit might include: 


1. Drive only one stepper motor, using a PAL16R6.The other 


flip-flops could be used asa programmable counter, allowing 
for different speed settings. 


2. Drive only one stepper motor, using the extra inputs and 
outputs to handle other circuit functions. 


3. Drive only one stepper motor, using a PAL16R6.The other 
flip-flops could be used as a 4-bit position counter. 


4. The substitution of a PAL16R8,and another inverting 
buffer 


would allow the driving and control of four stepper motors. 


5. Re-program for half-step operation. 
--....-- 
o 


00 
~ 


--...-- 


o 


Factor in E1 and E2: 
00 = E1 . E2 . 02 • 5 + E1 


02=E1'E2'00'D+E1 


E2 . 02 
D 


E2·00·5 


Express the set function as an equation: 
00 = E1 . E2 . S 
02 = 8 
. E2 . S 


Express the hold function (when E1 or E2 = 1) 


00 = qO . E1 + qO . E2 
02 = q2 . E1 + q2 . E2 


Combining all the above: 


00 := E1 . E2 . S + 00 . E1 + 00 . E2 + Ei . E2 . 02 . 5 + E1 . E2 . 02 . D 


01 := 00 
02 := E1 . E2 . S + 02 . E1 + 02 . E2 + E1 . E2 . 00 . D + E1 . E2 . 00 . 0 


03 := 02 


PAL DESIGN 
SPECIFICATION 


DAVE 
SACKETT 
02/23/81 
PAL16R4 
SMC 
STEPPER 
MOTOR 
CONTROLLER 


DEVOE COMPANY, 
INDIANAPOLIS, 
INDIANA 


CLK /ElA 
/E2A SA DA /ElB /E2B 
SB DB GND 


/oe 
/Q3B /QlB /Q2B 
/QOB /Q2A /QOA /Q3A /QlA VCC 


QOA:= 
QOA*/ElA 
+ 
QOA*/E2A 
+ 
SA * ElA* E2A 


+ /Q2A* 
ElA* E2A* DA 


+ 
Q2A* ElA* E2A*/DA 


Q2A:= 
Q2A*/ElA 
+ 
Q2A*/E2A 
+ 
SA * ElA* E2A 


+ 
QOA* ElA* E2A* DA 


+ /QOA* 
ElA* E2A*/DA 


IF 
(VCC) Q3A = /Q2A 


QOB 
:= 
QOB*/ElB 
+ 
QOB*/E2B 
+ 
SB * ElB* E2B 


+ /Q2B* 
ElB* E2B* DB 


+ 
Q2B* ElB* E2B*/DB 


IF 
(VCC) Q1B = /QOB 


Q2B 
:= 
Q2B*/ElB 
+ 
Q2B*/E2B 
+ 
SB * ElB* E2B 


+ 
QOB* ElB* E2B* DB 


+ /QOB* 
EIB* E2B*/DB 


IF 
(VCC) Q3B = /Q2B 


:HOLD 
IF NOT E1 
:HOLD IF NOT E2 
:STEP 
1 IF SET 
:LOAD /Q2A 
IF COUNTER-CLOCKWISE 
:LOAD 
Q2A IF CLOCKWISE 


:HOLD IF NOT E1 
:HOLD IF NOT E2 
:STEP 
1 IF SET 
:LOAD 
QOA IF COUNTER-CLOCKWISE 
:LOAD /QOA 
IF CLOCKWISE 


:HOLD IF NOT El 
:HOLD IF NOT E2 
:STEP 
1 IF SET 


:LOAD /Q2B 
IF COUNTER-CLOCKWISE 


:LOAD 
Q2B IF CLOCKWISE 


:HOLD IF NOT E1 
:HOLD IF NOT E2 
:STEP 
1 IF SET 
:LOAD 
QOB IF COUNTER-CLOCKWISE 


:LOAD /QOB 
IF CLOCKWISE 


Stepper Motor Controller 


; CHIP 
STEPPER 
MO'roR A 
STEPPER 
MO'roR B 


;C 
/ 
CONTROL 
STEP 
CONTROL 
STEP 


;L 
0 
E E S 0 
QQQQ 
E E S 0 
QQQQ 


;K 
C 
1 2 A A 
0123 
1 2 A A 
0123 
COMMENTS 


----------------------------------------------------------------- 


C 
L 
L L a 
x 
HLHL 
L L a 
x 
HLHL 
SET 
'ro 
STEP 
1 


C 
L 
a 
a 
x x 
HLHL 
a 
a 
x x 
HLHL 
aOLD 


C 
L 
L L L L 
HLLH 
L L L a 
LHHL 
STEP 
A CW, BCCW 


C 
L 
L L L L 
LHLH 
L L L a 
LHLH 
STEP 
A CW, BCCW 


C 
L 
L L L L 
LHHL 
L L L a 
HLLH 
STEP 
A CW, BCCW 


C 
L 
L L L L 
HLBL 
L L L a 
HLHL 
STEP 
A CW, BCCW 


C 
L 
L L L L 
HLLH 
L L L a 
LHHL 
STEP 
A CW, BCCW 


C 
L 
L L L L 
LHLa 
L L L a 
LHLH 
STEP 
A CW, BCCW 


C 
L 
L L L H 
HLLH 
L L L L 
LHHL 
STEP 
A CCW, BCW 


C 
L 
aLL 
a 
aLLH 
aLL 
L 
LHHL 
HOLD 


C 
L 
L H L H 
HLLH 
L aLL 
LHHL 
aOLD 


C 
L 
L a 
a 
a 
HLLH 
L a 
H L 
LHHL 
aOLD 


----------------------------------------------------------------- 


THIS 
PAL16R4 
PROVIDES 
THE LOGIC LEVELS REQUIRED 'ro 
DRIVE 
~ 
STEPPER 
MO'roRS 
IN 
THE FULL STEP 
MODE. 


THE FOLLOWING OPERATIONS 
MAY BE PERFORMED FOR EACH STEPPER 
MO'roR CONTROLLER 
INDIVIDUALLY: 


HOLD MO'roR IN 
CURRENT POSITION 
HOLD MO'roR IN 
CURRENT POSITION 
SET OUTPUTS 'ro 
STEP 
1 LEVELS 
STEP 
MO'roR CLOCKWISE 
STEP 
MO'roR COUNTER-CLOCKWISE 


1 C001X001XXOBBLLLLHH1 
2 C11XX11XXXOBHLLLLBB1 
3 C00000001XORI,I,BBIJ.H1 
4 C00000001XOLLHHHHLL1 
5 C00000001XOLBHLLBHL1 
6 C00000001XOBHLLLLBB1 
7 C00000001XOHLLHHLLH1 
8 C00000001XOIJ,BBBBI.Ll 
9 C00010000XORIJ.BBIJ,H1 
10 C10011000XOID,I,BBIJ.H1 
11 C01010100XOHLLHHLLH1 
12 C01110110XOHLLHHLLH1 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


0 
1 


8 
9 


16 X--- 
17 
18 -X- 
19 -X-- 
20 -X-- 


24 X--- 
25 
26 -X-- 
27 -X-- 
28 -X-- 


32 
33 
34 
35 
36 


40 
41 
42 
43 
44 


48 
49 


56 
57 


--x --- 
X--- --x --- 
-X-- X-- 
-X-- 
X-X- 
-X-- 
-X-X ---- 
--x ---- 
X--- 
---x ---- 
-X-- X--- 
-X-- ---x X--- 
-X-- 
--X- 
-X-- 


X--X 
---- 
--x X--- 
-X-- 
-X-- 
X--- 
-X-- -xx- 
X--- 
-X-- 
-X-X ---- 
-X-- 


X--- 
--- X ---- 
X--X 
---- 
-X-- 
-X-- 
X--- 
-X-X -X-- 
x--- 
-XX- -x-- 
-X-- 


QOA*/ElA 
QOA*/E2A 
SA*ElA*E2A 
/Q2A*ElA*E2A*DA 
Q2A*EIA*E2A*/DA 


Q2A*/ElA 
Q2A*/E2A 
SA*ElA*E2A 
QOA*ElA*E2A*DA 
/QOA*ElA*E2A*/DA 


QOB*/EIB 
QOB*/E2B 
SB*EIB*E2B 
/Q2B*EIB*E2B*DB 
Q2B*EIB*E2B*/DB 


Q2B*/EIB 
Q2B*/E2B 
SB*EIB*E2B 
QOB*EIB*E2B*DB 
/QOB*EIB*E2B*/DB 


I '" 
•.... 


0123 
4 ~ 6 
1 
891011 
121J141S 
16111819 
20212223 
24 2~ 2621 
282930JI 


0 
I 
>-J 
, 


l 
" 
.,, 


1 


!---t"y 
...• 
c: I--- 
...• 


I 
• 
l 


10 
\I 
'" 
12 


18 


13 
J 
V 


14 


15 


J 
•... 
...• 
~...• 


" 
11 
-;L 
11 
- 
" 


17 


20 
j 
D 
0 
•.•... 


21 


22 


~~ 


2l 


4 
~ 
..• 


--.:::...• 


2l 
" 
-r 
,. 


21 
16 


21 
./ 


~ 


V 
" 
JO 
J1 


5 
••• 
...• 
"---i ~ 
...• 


32 
Jl 
?>c- 
" 
]I 
....•.•. 
15 


30 
./ 
tJl 


11 
" 
19 


6 
•• 
..• 
"---4 
1C. 
'"" 


"" 


~14 


42 


4l 
'" 
.. 
j 
=li] 


~ 
••.. 
" 
, ... 
~ 


~'"" 


•••• 
>---tl 
""" 


lJ 


Sl 
••" 


8 
••• 
..• 
"---i 
<tC I--- 


....• 


"" 
>-J 


51 


51" 


11 


""" 


9 .. 
---.A.-" 
•.. 
~~ 
.....,- 


Notes 


Shaft Encoder 


VCC 


UP 


DOWN 


Q1 


02 


OJ 


Q4 


ERROR 


NC 


PAL16R4 
SHEN 
SHAFT ENCODER 
MMI MUNICH GmbH 
CLK SIGNALA SIGNALB NC NC NC NC NC NC GND 
/OC NC ERROR /Q4 /Q3 /Q2 /Q1 DOWN UP VCC 


PAL DESIGN SPECIFICATION 
WILLY VOLDAN 03/03/81 


/OP = 
Q1*/Q2*/SIGNALB 
+ /Q1* Q2* SIGNALB 
+ 
Q3*/Q4* SIGNALA 
+ /Q3* Q4*/SIGNALA 


IF(VCC) /OOWN 
= 
Q1*/Q2* SIGNALB 
+ /Q1* Q2*/SIGNALB 
+ 
Q3*/Q4*/SIGNALA 
+ /Q3* Q4* SIGNALA 


IF(VCC) /ERROR = /Q1* Q2*/Q3* Q4 
+ /Q1* Q2* Q3*/Q4 
+ 
Q1*/Q2*/Q3* 
Q4 
+ 
Q1*/Q2* Q3*/Q4 


SIGNAL 
QQQQ 
;/OC 
CLK 
A 
B 
ERROR 
4321 
DOWN 
UP 
COMMENTS 


L 
C 
H 
L 
H 
XLLH 
H 
L 
COUNT UP 
L 
C 
L 
H 
H 
XHHL 
H 
L 
COUNT UP 
L 
C 
H 
H 
H 
XHLH 
L 
H 
COUNT DOWN 
L 
C 
L 
L 
H 
XLHL 
L 
H 
COUNT DOWN 
L 
C 
H 
H 
H 
LHXH 
H 
L 
COUNT UP 
L 
C 
L 
L 
H 
HLXL 
H 
L 
COUNT UP 
L 
C 
L 
H 
H 
LHXL 
L 
H 
COUNT DOWN 
L 
C 
H 
L 
H 
HLXH 
L 
H 
COUNT DOWN 
L 
C 
L 
H 
L 
LHHL 
X 
X 
ERROR FLAG 
L 
C 
H 
L 
L 
HLLH 
X 
X 
ERROR FLAG 
H 
X 
X 
X 
X 
ZZZZ 
X 
X 
DISABLED 


THE 
PAL 
CONTROLS 
A 4-BIT 
UP/DOWN 
COUNTER 
WITH 
THE 
OUTPUTS 
"UP" 
AND 


"DOWN". 
(UP=H 
MEANS 
COUNT 
UP; 
DOWN=H MEANS 
COUNT 
DOWN) 


THIS 
DESIGN 
WITH 
GLITCHLESS 
OUTPUTS 
WILL 
SERVE 
WELL 
IN 
ELECTRICALLY 


NOISY 
INDUSTRIAL 
ENVIRONMENTS. 


THE 
PINNING 
AND THE 
OUTPUT 
POLARITY 
ARE 
GIVEN 
AS 
A FIRST 
PROPOSAL 
AND 


CAN BE 
CHANGED 
ACCORDING 
TO 
THE 
PC 
BOARD 
LAYOUT. 


4·BIT 
UP/DOWN 
COUNTER 


/DOWN 


SENSOR, 
DIGIPOT 
OR SIMILAR 


CARRY 
BORROW 


SIGNALS 
TO ADDITIONAL 
COUNTERS 


1 
C10XXXXXXXOXHXHHLHLl 


2 
C01XXXXXXXOXHXLLHHLl 
3 
C11XXXXXXXOXHXLHLLH1 
4 
COOXXXXXXXOXHXHLHLH1 
5 
C11XXXXXXXOXHHLXLHL1 
6 
COOXXXXXXXOXHLHXBBLl 
7 
C01XXXXXXXOXHHLXHLH1 
8 
C10 XXXXXXXOXHLHXLLHl 
9 
C01XXXXXXXOXLHLLHXXl 
10 
C10XXXXXXXOXLLHHLXX1 
11 
XXXXXXXXXXlXXZZZZXXl 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


o 
---- 
---- 
---- 
---- 
---- 
---- 
---- 
1 
-x-- ---x --x- ---- ---- ---- ---- Q1*/Q2*/SIGNALB 
2 ---- x--- --x- ---x ---- ---- ---- ---- /Q1*Q2*SIGNALB 
3 x--- ---- ---- ---- ---x --x- ---- ---- Q3*/Q4*SIGNALA 
4 -x-- ---- ---- ---- --x- ---x ---- ---- /Q3*Q4*/SIGNALA 


8 1I-- ---- ---- ---- ---- ---- ---- ---- 
9 ---- x--- ---x --x- ---- ---- ---- ---- Q1*/Q2*SIGNALB 
10 
-x-- --x- ---x ---- ---- ---- ---- /Q1*Q2*/SIGNALB 
11 -x-- ---- ---- ---- ---x --x- ---- ---- Q3*/Q4*/SIGNALA 
12 x--- ---- ---- ---- --x- ---x ---- ---- /Q3*Q4*SIGNALA 


48 
---- 
---- 
---- 
--- 
--- 
---- 
---- 
49 
---- --x- ---x --x- ---x ---- ---- /Q1*Q2*/Q3*Q4 
50 ---- ---- --x- ---x ---x --x- ---- ---- /Q1*Q2*Q3*/Q4 
51 --- 
--- 
---x --x- --x- ---x ---- 
Q1*/Q2*/Q3*Q4 
52 ---- ---- ---x --x- ---x --x- ---- ---- Q1*/Q2*Q3*/Q4 


1 
•..... 
V 


0123 
4 ~ 6 
1 
191011 
121J141S 
16111119 
20212223 
24252621 
2129J031 


0 
J 


1 


2 
J 
)- 
" 
. 


5 


6, 


2 
•• 
~ 


----I :> 


, 


J 


, 


10 


11 
")- 
18 
12 


Il 
" 
15 


J .. 
...• 
<. 


16 


11 
n~ 


" 
19 
"" 


20 
J 


11 


12 


1] 


• 
~ 
~ 
~ 
~ 
....• 


l1 


11 


~ 


16 
"'" n 


" 
18 
" 
lO 


J1 


5 
~ 
~ 


....• 


12 
II 


~ 
" 


"" 
fUl 


l5 


J6 
/ 


J1 
31 


19 
, 
~ 
...• 


•.. 
....• 


40 
" 
~ 


41 


4J 
"" 
" 
44 
./ 


~ 


V 
.,.. 
" 


2 
•• 
~ 
"'--I 


....• 
.... 
J 


50 
" 


"'" 
13 
52 
53 
/ 
V 


" 
55 


8 
•• 
"'--I 
~~..• 


51 
" 
J 
"" 
10 
12 


" 
V 
"" 
9 
~ 
~ 
--A-...-" 
~ 


'~,...., 
...•..•. 


SIGNAL 
SIGNAL 
01 
03 
04 
COUNT 
01 
A 
B 


no 
0 
0 
0 
0 
0 
0 
change 


0 
I 
0 
0 
0 
1 
down 


0 
j 
0 
0 
1 
0 
up 


no 
0 
1 
0 
0 
1 
1 
change 


I 
0 
0 
1 
0 
0 
up 


I 
t 
0 
1 
0 
1 
error 


I 
j 
0 
1 
1 
0 
error 


t 
1 
0 
1 
1 
1 
down 


j 
0 
1 
0 
0 
0 
down 


I 
I 
1 
0 
0 
1 
error 


j 
j 
1 
0 
1 
0 
error 


j 
1 
1 
0 
1 
1 
up 


no 
1 
0 
1 
1 
0 
0 
change 


1 
I 
1 
1 
0 
1 
up 


1 
I 
1 
1 
1 
0 
down 


no 
1 
1 
1 
1 
1 
1 
change 


Quad 4:1 Mux 


PAL18L4 


A 


4C3 


lY 


2Y 


3Y 


4Y 
In 


4C2 


4Cl 


74LS4:;,J 
O~~~N~~/~~~i/Dunu~V 
VJ/~V/V~ 
QUAD 
4:1 MULTIPLEXER 


MMI 
SUNNYVALE, 
CALIFORNIA 


1CO 
1C1 
1C2 
1C3 
2CO 
2C1 
2C2 
2C3 
3CO 
3C1 
3C2 GND 


3C3 
4CO 
4C1 
4C2 
4Y 
3Y 
2Y 
1Y 
4C3 
B 
A 
VCC 


flY 
/B*/A 
* /lCO 
:SELECT 
INPUT 
1CO 


+ 
/B* 
A 
* /lC1 
:SELECT 
INPUT 
1C1 


+ 
B*/A 
* /lC2 
:SELECT 
INPUT 
1C2 


+ 
B* A 
* /lC3 
:SELECT 
INPUT 
1C3 


/2Y 
/B*/A 
* /2CO 
:SELECT 
INPUT 
2CO 


+ 
/B* 
A 
* /2C1 
:SELECT 
INPUT 
2C1 


+ 
B*/A 
* /2C2 
:SELECT 
INPUT 
2C2 


+ 
B* A 
* /2C3 
:SELECT 
INPUT 
2C3 


/3Y 
/B*/A 
* /3CO 
:SEI,.ECTINPUT 
3CO 


+ 
/B* 
A 
* /3C1 
:SELECT 
INPUT 
3C1 


+ 
B*/A 
* /3C2 
:SELECT 
INPUT 
3C2 


+ 
B* A 
* /3C3 
:SELECT 
INPUT 
3C3 


/4Y 
/B*/A 
* /4CO 
:SELECT 
INPUT 
4CO 


+ 
/B* 
A 
* /4C1 
:SELECT 
INPUT 
4Cl 


+ 
B*/A 
* /4C2 
:SELECT 
INPUT 
4C2 


+ 
B* A 
* /4C3 
:SELECT 
INPUT 
4C3 


{ 


nco 
O:.rA 
nC1- 


INPUTS 
nC2-- 
nC3 __ 


t 
A 
B 


2 SELECT LINES 


Quad 4:1 Mux 


FUNCTION 
TABLE 


B A 
ICO 
ICI 
IC2 
IC3 
2CO 
2CI 
2C2 
2C3 
3CO 
3CI 
3C2 
3C3 
4CO 
4C1 
4C2 
4C3 
1Y 
2Y 
3Y 
4Y 


SEL 
--------INPUTS-------- 
--oUTPUTS-- 
COMMENTS 


IC 
2C 
3C 
4C 


B 
A 
0123 
0123 
0123 
0123 
1Y 
2Y 
3Y 
4Y 


------------------------------------------------------------ 


L L 
LHHH 
HHHH 
HHHH 
HHHH 
L 
H 
H 
H 
1CO=0 


L L 
HHHH 
LHHH 
HHHH 
HHHH 
H 
L 
H 
H 
2CO=0 


L 
L 
HHHH 
HHHH 
LHHH 
HHHH 
H 
H 
L 
H 
3CO=0 


L L 
HHHH 
HHHH 
HHHH 
LHHH 
H 
H 
H 
L 
4CO=0 


L L 
HLLL 
LLLL 
LLLL 
LLLL 
H 
L 
L 
L 
ICO=1 


L L 
LLLL 
HLLL 
LLLL 
LLLL 
L 
H 
L 
L 
2CO=1 


L L 
LLLL 
LLLL 
HLLL 
LLLL 
L 
L 
H 
L 
3CO=1 


L L 
LLLL 
LLLL 
LLLL 
HLLL 
L 
L 
L 
H 
4CO=1 


L L 
HHHH 
HHHH 
HHHH 
HHHH 
H 
H 
H 
H 
TOGGLE 
LINES 


L 
H 
HLHH 
HHHH 
HHHH 
HHHH 
L 
H 
H 
H 
1C1=0 


L H 
HHHH 
HLHH 
HHHH 
HHHH 
H 
L 
H 
H 
2CI=0 


L H 
HHHH 
HHHH 
HLHH 
HHHH 
H 
H 
L 
H 
3CI=0 


L H 
HHHH 
HHHH 
HHHH 
HLHH 
H 
H 
H 
L 
4CI=0 


L 
H 
LHLL 
LLLL 
LLLL 
LLLL 
H 
L 
L 
L 
ICI=1 


L H 
LLLL 
LHLL 
LLLL 
LLLL 
L 
H 
L 
L 
2Cl=1 


L 
H 
LLLL 
LLLL 
LHLL 
LLLL 
L 
L 
H 
L 
3Cl=1 


L 
H 
LLLL 
LLLL 
LLLL 
LHLL 
L 
L 
L 
H 
4Cl=1 


L H 
HHHH 
HHHH 
HHHH 
HHHH 
H 
H 
H 
H 
TOGGLE 
LINES 


H L 
HHLH 
HHHH 
HHHH 
HHHH 
L 
H 
H 
H 
lC2=0 


H L 
HHHH 
HHLH 
HHHH 
HHHH 
H 
L 
H 
H 
2C2=0 
B 
H L 
HHHH 
HHHH 
HHLH 
HHHH 
H 
H 
L 
H 
3C2=0 


H L 
HHHH 
HHHH 
HHHH 
HHLH 
H 
H 
H 
L 
4C2=0 


H L 
LLHL 
LLLL 
LLLL 
LLLL 
H 
L 
L 
L 
IC2=1 


H L 
LLLL 
LLHL 
LLLL 
LLLL 
L 
H 
L 
L 
2C2=1 


H L 
LLLL 
LLLL 
LLHL 
LLLL 
L 
L 
H 
L 
3C2=1 


H L 
LLLL 
LLLL 
LLLL 
LLHL 
L 
L 
L 
H 
4C2=1 


H L 
HHHH 
HHHH 
HHHH 
HHHH 
H 
H 
H 
H 
TOGGLE 
LINES 


H H 
HHHL 
HHHH 
HHHH 
HHHH 
L 
H 
H 
H 
IC3=0 


H H 
HHHH 
HHHL 
HHHH 
HHHH 
H 
L 
H 
H 
2C3=0 


H H 
HHHH 
HHHH 
HHHL 
HHHH 
H 
H 
L 
H 
3C3=0 


H H 
HHHH 
HHHH 
HHHH 
HHHL 
H 
H 
~ 
L 
4C3=0 


H H 
LLLH 
LLLL 
LLLL 
LLLL 
H 
L 
L 
lC3=1 


H H 
LLLL 
LLLH 
LLLL 
LLLL 
L 
H 
L 
L 
2C3=1 


H H 
LLLL 
LLLL 
LLLH 
LLLL 
L 
L 
H 
L 
3C3=1 


H H 
LLLL 
LLLL 
LLLL 
LLLH 
L 
L 
L 
H 
4C3=1 


H H 
HHHH 
HHHH 
HHHH 
HHHH 
H 
H 
H 
H 
TOGGLE 
LINES 


----------------------------------------------------------- 


THIS 
IS 
AN EXAMPLE OF A QUAD 4-'1'0-1 
MULTIPLEXER USING A PAL18L4. 
SELECT 
LINES 
A,B 
ARE ENCODED IN BINARY, 
WITH A REPRESENTING 
THE LSB. 


INPUT 
OUTPUTS 
SELECT 
BAY 


L 
L 
CO 
L 
H 
C1 
H 
L 
C2 
H 
H 
C3 


1 OllllllllllXIIIIHBHLIOOl 
2 11110111111XIIIIHBLHIOOl 
3 11111111011XIIIIHLHBIOOl 
4 lllllllllllXlOllLHHHlOOl 
5 10000000000XOOOOLLLHOOOl 
6 OOOOlOOOOOOXOOOOLLHLOOOl 
7 OOOOOOOOlOOXOOOOLHLLOOOl 
8 OOOOOOOOOOOXOIOOHLLLOOOI 
9 lllllllllllXllllHHBHlOOl 
10 1011111111lXl11IHBHLI011 
11 11111011111Xll11HHLHI0ll 
12 11111111101Xll11HLHBI0ll 
13 11111111111Xl10ILHBHI011 
14 01000000000XOOOOLLLHOOl1 
15 00000100000XOOOOLLHLOOll 
16 00000000010XOOOOLHLLOOll 
17 00000000000XOOI0HLLLOOl1 
18 1111111111lXll1IHHBHI011 
19 11011111111Xl111HBHLI101 
20 11111101111XIIIIHBLHII01 
21 11111111110XIIIIHLHBIIOI 
22 11111111111XIIIOLHHHl101 
23 OOlOOOOOOOOXOOOOLLLHOIOl 
24 00000010000XOOOOLLHLOI0l 
25 OOOOOOOOOOlXOOOOLHLLOIOl 
26 00000000000XOOOIHLLLOI01 
27 1111111111lXIIIIHHBHII01 
28 1110111111lXll11HBHLllll 
29 1111111011lXl11IHBLHl111 
30 11111111111XOl1IHLHHll11 
31 11111111111Xl11ILHHHOl11 
32 00010000000XOOOOLLLHOlll 
33 OOOOOOOlOOOXOOOOLLHLOlll 
34 OOOOOOOOOOOXIOOOLHLLOlll 
35 OOOOOOOOOOOXOOOOHLLLllll 
36 11111111111XIIIIHHHHllll 


Quad 4:1 Mux 


11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


24 --x --x --x --- 
25 -x-- --x- ---x ---- 
26 
-x-x-x- 
27 
--x- -xx- ---- 


40 
I 


:; =c= 
43 


48 
49 --- 
50 
--- 
51 --- 


--x ---x -x- 
--x- --x --- -x 
---x --x- ---- -- 
--x- --x- --- 
-- 
--x ---x ---- -- 
--x- --x ---- -- 
---x --x- ---- -- 
--x- --x- ---- -- 


--x ---x --- 
-- 
--x- ---x ---- -- 
---x -x- ---- -- 
--x- --x- --x -- 


---- ---- ---- ---- /B*/A*/lCO 
---- ---- ---- ---- /B*A*/lCl 
---- ---- ---- ---- B*/A*/lC2 
---- ---- ---- ---- B*A*/lC3 


---- ---- ---- ---- /B*/A*/2CO 
---- ---- ---- ---- /B*A*/2Cl 
-x 
---- ---- ---- B*/A*/2C2 
-x-- ---- --- 
---- B*A*/2C3 


---- -x-- ---- ---- /B*/A*/3CO 
---- ---- -x-- ---- /B*A*/3Cl 
---- ---- ---- -x-- B*/A*/3C2 
---- --- 
---- ---x B*A*/3C3 


---- ---- ---x ---- /B*/A*/4CO 
---- ---x ---- ---- /B*A*/4Cl 
---x ---- ---- ---- B*/A*/4C2 
---- ---- ---- ---- B*A*/4C3 


Quad 4:1 Mux 


~ 
I 
.. 


I 


2 
"'--.,.,.. 


3 
23 
~.. 


4 
22 
~ 


~~ 


21 


.. 
" 
IS 
" 


I-.. 


20 
" 
- L-./ 


"" 
6 


" 


~~ 


Jl 
19 


"".. 
B=l-- 
" 
18 
., 
" 


o...i' 
....., 


•.... . 


7 
~ 
.... 
- 


" 


.••.. 
17 
" 
- 


52 
" 
8 
16 
~ 


9 
15 


10 
~ 
14 
~ 


~"" 


13 


Quad 4:1 


APjlication 
4:1 Bus Select 
BUS 
SELECT 
OUT 
20 
21 
BUS 


IN 
BUS 


B 
A 
0 
C 


El 
BITO 
•....• 
-- 
1,..- 
-t.!. 


1CO 
...• 
BITO 
[I-1C1 
A-~ 
BITO 
-II - 
1C2 
B-.ID- 


~ 
r 
BITO 


-rr 
-lC3 
4C3-~ 
BIT 0 
= 
BIT1 
-II - 
2CO 
1Y-~ 


BIT 1 


1....- 


2Y -19' 
BIT1 
J"'6 
- 
2C1 


BIT 2 


,..- 
L.::. 


= 
BIT 1 
J"7 
- 
2C2 
3Y -1!l 
BIT 3 
0.:. 
...• 
BIT1 
-II - 
2C3 
4Y - 
.!Zr..• 
BIT2 


-rr 
- 
3CO 
4C2 f-- .1!r 
lr 
..• 
BIT2 
rjjj - 
3C1 
4C1 I-- 1!r 
,..- 
I.;.; 
•••• 
BIT2 
I":':' _ 
3C2 
4C01-- 
~ 


~ 
'" 
~ 


,r- 
m 
1 
13 
12 


BIT2 
,..- 
BIT3 
r 
BIT3 
v- 
BIT3 
lr 
BIT3 
-- - 
~ 


ill 


BIT4 
--'l'i 
I 
'''''- 
~ 
1CO A-in 
BIT4 
rr~lC1 
BIT4 
-II -lC2 
B-m ..• 
BIT4 
J'4 -lC3 
4C3-~ 
BIT 4 
I,;, 


~ 


,..- 


BITS 
r;' - 
2CO 
1Yf-- 
~ 


BIT 5 
L.::. 
- 
BITS 
.1"6 
- 
2C1 
2Yf-- .1!r 


BIT 6 
L::. 


~ 
BITS 


-rr 
- 
2C2 
3Y f--~ 


BIT 7 
"""' 
BITS 
-'i' - 
2C3 
4Y'--~ 
L,;, 


~ 
BIT6 
r;' f-- 3CO 
4C2-~ 
L,;, 


~ 
BIT6 
-liDf-- 
3C1 
4C1 I-- ~ 
v- 
L:.: 
l- 
BIT 6 
r:: I-- 3C2 
4COI-- 
~ 
1.,..- 
~ 
'f 
~ 


BIT 6 
r 
BIT 7 
r- 
BIT 7 
r 
BIT 7 


l- 
BIT 7 
V 


Dual 8:1 Mux 


PAL20L2 


A 


B 


C 


S 


2Y 


207 
DI 
206 


201 
205 


204 


203 


Dual 8:1 Mux 


PAL20L2 
PAL 
OESIGN 
SPECIFICATION 


74LS451 
BIRKNER/KAZMI/BLASCO 
03/10/81 


DUAL 
8:1 MULTIPLEXER 


MMI 
SUNNYVALE, 
CALIFORNIA 


100 
101 
102 
103 
104 
105 
106 
107 
200 
201 
202 GND 


203 
204 
205 
206 
207 
2Y 
lY 
S 
C 
B 
A 
VCC 


/lY 
/S*/C*/B*/A 
* /100 
;SELECT 
INPUT 
100 


+ 
/S*/C*/B* 
A 
* /101 
;SELECT 
INPUT 
101 


+ 
/s*/c* 
B*/A 
* /102 
;SELECT 
INPUT 
102 


+ 
/s*/c* 
B* A 
* /103 
;SELECT 
INPUT 
103 


+ 
/s* 
C*/B*/A 
* /104 
;SELECT 
INPUT 
104 


+ 
/s* 
C*/B* 
A 
* /105 
;SELECT 
INPUT 
105 


+ 
/s* 
c* 
B*/A 
* /106 
;SELECT 
INPUT 
106 


+ 
/s* 
c* 
B* A 
* /107 
;SELECT 
INPUT 
107 


/2Y 
/S*/C*/B*/A 
* /200 
;SELECT 
INPUT 
200 


+ 
/S*/C*/B* 
A 
* /201 
;SELECT 
INPUT 
201 


+ 
/s*/c* 
B*/A 
* /202 
;SELECT 
INPUT 
202 


+ 
/s*/c* 
B* A 
* /203 
;SELECT 
INPUT 
203 


+ 
/s* 
C*/B*/A 
* /204 
;SELECT 
INPUT 
204 


+ 
/s* 
C*/B* 
A * /205 
;SELECT 
INPUT 
205 


+ 
/s* 
c* 
B*/A 
* /206 
;SELECT 
INPUT 
206 


+ 
/s* 
c* 
B* A 
* /207 
;SELECT 
INPUT 
207 


8 
DATA 
INPUTS 


nDO __ 


nDl 


n02 
n03--+- 


n04 
nOS -------... 
n06 __ 


nD7~ 


S 
ABC 


STROBE 
LINE....=! -c-; SELECT 
LINES 


WHERE 
n = 1 OR 2 


Dual 8:1 Mux 


FUNCTION 
TABLE 


C B A 
100 
101 
102 
103 
104 
105 
106 
107 
200 
201 
202 
203 
204 
205 
206 
207 S 1Y 
2Y 


;SELECT 
INPUTS 
INPUTS 
OUTPUTS 
COMMENTS 
10- 
20- 


; C B A 
01234567 
01234567 
S 
1Y 
2Y 
----------------------------------------------------------------- 
L L L 
LHHHHHHH 
LHHHHHHH 
L 
L 
L 
100=0 
200=0 


L L L 
HLLLLLLL 
LHHHHHHH 
L 
H 
L 
100=1 
200=0 


L L L 
LHHHHHHH 
HLLLLI,LL 
L 
L 
H 
100=0 
200=1 
L L L 
HLLLLLLL 
HLLLLLLL 
L 
H 
H 
100=1 
200=1 
L L L 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 
L L H 
HLHHHHHH 
HLHHHHHH 
L 
L 
L 
101=0 
201=0 
L L H 
LHLLLLLL 
HLHHHHHH 
L 
H 
L 
101=1 
201=0 


L L H 
HLHHHHHH 
LHLLLLLL 
L 
L 
H 
101=0 
201=1 


L L H 
LHLI,LLLL 
LHLLLLLL 
L 
H 
H 
101=1 
201=1 


L L H 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 
L H L 
HHLHHHHH 
HHLHHHHH 
L 
L 
L 
102=0 
202=0 
L H L 
LLHLLLLL 
HHLHHHHH 
L 
H 
L 
102=1 
202=0 
L H L 
HHLHHHHH 
LLHLLLLL 
L 
L 
H 
102=0 
202=1 


L H L 
LLHLLLLL 
LLHLLLLL 
L 
H 
H 
102=1 
202=1 


L H L 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 


L H H 
HHHLHHHH 
HHHLHHHH 
L 
L 
L 
103=0 
203=0 
L H H 
LLLHLLLL 
HHHLHHHH 
L 
H 
L 
103=1 
203=0 


L H H 
HHHLHHHH 
LLLHLLLL 
L 
L 
H 
103=0 
203=1 


L H H 
LLLHLLLL 
LLLHLLLL 
L 
H 
H 
103=1 
203=1 


L H H 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 
19 


H L L 
HHHHLHHH 
HHHHLHHH 
L 
L 
L 
104=0 
2D4=0 


H L L 
LLLLHLLL 
HHHHLHHH 
L 
H 
L 
104=1 
204=0 


H L L 
HHHHLHHH 
LLLLHLLL 
L 
L 
H 
104=0 
204=1 


H L L 
LLLLHLLL 
LLLLHLLL 
L 
H 
H 
104=1 
204=1 


H L L 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 


H L H 
HHHHHLHH 
HHHHHLHH 
L 
L 
L 
105=0 
205=0 


H L H 
LLLLLHLL 
HHHHHLHH 
L 
H 
L 
105=1 
205=0 


H L H 
HHHHHLHH 
LLLLLHLL 
L 
L 
H 
105=0 
205=1 


H L H 
LLLLLHLL 
LLLLLHLL 
L 
H 
H 
105=1 
205=1 


H L H 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 


H H L 
HHHHHHLH 
HHHHHHLH 
L 
L 
L 
106=0 
206=0 


H H L 
LLLLLLHL 
HHHHHHLH 
L 
H 
L 
106=1 
206=0 


H H L 
HHHHHHLH 
LLLLLLHL 
L 
L 
H 
106=0 
206=1 


H H L 
LLLLLLHL 
LLLLLLHL 
L 
H 
H 
106=1 
206=1 


H H L 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 


H H H 
HHHHHHHL 
HHHHHHHL 
L 
L 
L 
107=0 
207=0 


H H H 
LLLLLLLH 
HHHHHHHL 
L 
H 
L 
107=1 
207=0 


H H H 
HHHHHHHL 
LLLLLLLH 
L 
L 
H 
107=0 
207=1 


H H H 
LLLLLLLH 
LLLLLLLH 
L 
H 
H 
107=1 
207=1 


H H H 
HHHHHHHH 
HHHHHHHH 
L 
H 
H 
TOGGLE 
OTHER 
LINES 


X X X 
LLLLLLLL 
LLLLLLLL 
H 
H 
H 
STROBE 
TEST 
0 


X X X 
HHHHHHHH 
HHHHHHHH 
H 
H 
H 
STROBE 
TEST 
1 


----------------------------------------------------------------- 


THIS 
IS AN EXAMPLE OF A DUAL 8-TQ-1 MULTIPLEXER 
USING A PAL20L2. 
A STROBE 


LINE 
(S) IS PROVIDED TO GATE THE OUTPUTS OFF 
(Y=H) WHEN THE STROBE INPUT IS 


HIGH. 
THE SELECT LINES A,B,C ARE ENCODED 
IN BINARY, WITH A REPRESENTING 
THE 
LSB. 


-----INPUTS----- 
SELECT 
STROBE 
C 
BAS 
---------------------------- 
X 
X 
X 
H 
H 
L 
L 
L 
T, 
DO 
L 
L 
H 
L 
D1 
L 
H 
L 
L 
D2 
L 
H 
H 
L 
D3 
H 
L 
L 
L 
D4 
H 
L 
H 
L 
D5 
H 
H 
L 
L 
D6 
H 
H 
H 
L 
D7 
---------------------------- 


Dual 8:1 Mux 


1 OlllllllOllXIIIIILLOOOOl 
2 10000000011XIIIIILHOOOOl 
3 OllllllllOOXOOOOOBLOOOOl 
4 10000000100XOOOOOHHOOOOl 
5 lllllllllllXlllllHHOOOOl 
6 10111111101XIIIIILLOOOll 
7 OlOOOOOOlOlXIIIIILHOOOll 
8 10111111010XOOOOOHLOOOll 
9 OlOOOOOOOlOXOOOOOHHOOOll 
10 lllllllllllXlllllHHOOOll 
11 11011111110XIIIIILLOOIOl 
12 OOlOOOOOllOXIIIIILHOOIOl 
13 11011111001XOOOOOBLOOIOl 
14 OOlOOOOOOOlXOOOOOHHOOIOl 
15 lllllllllllXlllllHHOOlOl 
16 1110111111lXOIIIILLOOlll 
17 OOOlOOOOlllXOIIIILHOOlll 
18 11101111000XIOOOOHLOOlll 
19 OOOlOOOOOOOXIOOOOHHOOlll 
20 lllllllllllXlllllHHOOlll 
21 11110111111XIOIIILLOIOOl 
22 OOOOlOOOlllXIOIIILHOIOOl 
23 11110111000XOIOOOHLOIOOl 
24 OOOOlOOOOOOXOIOOOHHOIOOl 
25 lllllllllllXlllllHHOlOOl 
26 11111011111XIIOIILLOIOll 
27 OOOOOlOOlllXIIOIILHOIOll 
28 11111011000XOOIOOHLOIOll 
29 OOOOOlOOOOOXOOIOOHHOIOll 
30 lllllllllllXlllllHHOlOll 
31 11111101111XIIIOILLOIIOl 
32 OOOOOOlOlllXIIIOILHOIIOl 
33 11111101000XOOOIOHLOIIOl 
34 OOOOOOlOOOOXOOOIOHHOIIOl 
35 lllllllllllXlllllHHOllOl 
36 11111110111XIIIIOLLOllll 
37 OOOOOOOllllXIIIIOLHOllll 
38 11111110000XOOOOIBLOllll 
39 OOOOOOOlOOOXOOOOIHHOllll 
40 lllllllllllXlllllHHOllll 
41 OOOOOOOOOOOXOOOOOHHIXXXI 
42 lllllllllllXlllllHHlXXXl 


11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


32 ---x ---x ---x ---x ---x ---- 
33 -x-- --x- ---x ---x ---x 
34 
-x-x --x- ---x ---x 
35 
--x- -xx- ---x ---x 
36 
---x ---x -xx- ---x 
37 
--x- ---x --x- -x-x ---- 
38 
---x --x- --x- ---x -x-- 
39 
--x- --x- --x- ---x ---- -x-- 


/S*/C*/B*/A*/lDO 
/S*/C*/B*A*/lD1 
/S*/C*B*/A*/lD2 
/S*/C*B*A*/lD3 
/S*C*/B*/A*/lD4 
/S*C*/B*A*/lD5 
/S*C*B*/A*/lD6 
/S*C*B*A*/lD7 


---x ---x ---x ---x ---- 
--x- ---x ---x ---x ---- 
---x --x- ---x ---x ---- 
--x- --x- ---x ---x ---- 
---x ---x --x- ---x ---- 
--x- ---x --x- ---x ---- 
---x --x- --x- ---x ---- ---x 
--x- --x- --x- ---x ---x ---- 


-x-- 
/S*/C*/B*/A*/2DO 
-x-- 
'/S*/C*/B*A*/2D1 
-x-- /S*/C*B*/A*/2D2 
---x /S*/C*B*A*/2D3 
---x ---- /S*C*/B*/A*/2D4 
---x 
/S*C*/B*A*/2D5 
/S*C*B*/A*/2D6 
/S*C*B*A*/2D7 


1 
•.... 


I 
- 


} 
"""'- 


23 


J;">- 


3 
~ 
22 


~ 


4 
~ 
21 


I 


5 
.. 
20 


"""" 


W- 


19 
" 


W 


"" 
'- 


" 


6 
.... 
" 
- 
" 


18 
...... 
" 
H 


7 
.. 
17 


8 
.. 
~ 
16 
..• 


9 
~ 
15 


10 
.. 
14 


~ 
13 


IN 
BUS 


o 
E 
F 
G 
-- 
BIT a 
~ 
- 
lEI 


BIT a 
rz f-- 
100 
f-- ~ 
•••• 


101 
A 
~ 
. 


BIT a 
'j'f-- 
f-- Tz' 
•••• 
102 
B 
I=' 
BIT a 
'4 f-- 
103 
cf-- ~ 
••• 
~ 
BIT a 
'5 
~ 
L,;;, f-- 
104 
Sf-- 
~ 
BIT a 
'6 - 
105 
lY f-- ~ 


BIT a 


L:. 
~ 
BIT a 
Fj' - 
f-- ii' 


BIT 1 
.... 
106 
2Y 
.:=I 
BIT a 
'i' - 
107 
f-- iT' 
••• 
207 
:: 
BIT 1 
'9 
L,;;, - 
200 
206 f-- 
l!I 
BIT 1 
I'j"jj 
is' 
L:.: - 
201 
205 - ~ 
BIT 1 
r;; 
202 
204 
3-- 
..,;,; - 
203 
f-- 


m 
I 


~ 
BIT 1 


BIT 1 


BIT 1 


BIT 1 


BIT 1 
-- 
BIT 2 
IT 
- 
lEI 
BIT 2 
rz f-- 
100 
f-- ~ 
•••• 
101 
A 
~ 
BIT 2 
'j'f-- 
102 
B f-- Tz' 
L,;;, 
I=' 
BIT 2 
'4 f-- 
103 
Cf--~ 
••• 
~ 
BIT 2 
'5 f-- 
sf-- ~ 
••• 
104 
~ 
BIT 2 
'6 f-- 
105 
~ 


BIT 2 


L,;;, 
lY f-- ~ 
BIT 2 
Fj' f-- 
-~ 
BIT 3 
.... 
106 
2Y 
~ 
BIT 2 
'i'f-- 
107 
- ~ 
••• 
207 
~ 
BIT 3 
r;' f-- 
•••• 
200 
206 - ~ 
I 
BIT 3 
I'j"jj 
~ 
I,;,;; f-- 
201 
205 - 
j.:::.J 


BIT 3 
r;'; I-- 
202 
204 f-- S-- 


•• 
203 


BIT 3 
m 
I 
~ 


BIT 3 


BIT 3 


BIT 3 


BIT 3 


16:1 Mux 


w 
D 
E15 


E14 


E9 
E13 


E12 


GND 
Ell 


, ....•_ •..•..• ...,1.., 
__ •.........•._ •..., .....•...••....••, _____ 
"'1_' _-',..,_ 


16:1 
MULTIPLEXER 


MMI 
SUNNYVALE, 
CALIFORNIA 


EO 
El 
E2 
E3 
E4 
E5 
E6 
F:7 
E8 
E9 
ElO 
GND 


Ell 
El2 
El3 
El4 
El5 
W 
y 
0 
C 
B 
A 
VCC 


y 
= 
/O*/C*/B*/A 
* EO 
;SELECT 
INPUT 
EO 


+ 
/O*/C*/B* 
A * El 
;SELECT 
INPUT 
El 


+ 
/O*/C* 
B*/A 
* E2 
;SELECT 
INPUT 
E2 


+ 
/O*/C* 
B* A * E3 
;SELECT 
INPUT 
E3 


+ 
/0* C*/B*/A 
* E4 
;SELECT 
INPUT 
E4 


+ 
/0* C*/B* 
A * E5 
;SELECT 
INPUT 
E5 


+ 
/0* C* B*/A 
* E6 
;SELECT 
INPUT 
E6 


+ 
/0* C* B* A * F:7 
;SELECT 
INPUT 
F:7 


+ 
O*/C*/B*/A 
* E8 
;SELECT 
INPUT 
E8 


+ 
O*/C*/B* 
A * E9 
;SELECT 
INPUT 
E9 


+ 
O*/C* 
B*/A 
* ElO 
;SELECT 
INPUT 
ElO 


+ 
O*/C* 
B* A * Ell 
;SELECT 
INPUT 
Ell 


+ 
0* C*/B*/A 
* El2 
;SELECT 
INPUT El2 


+ 
0* C*/B* 
A * El3 
;SELECT 
INPUT 
El3 


+ 
0* C* B*/A 
* El4 
;SELECT 
INPUT 
El4 


+ 
0* C* B* A * El5 
;SELECT 
INPUT 
El5 


EO 


E1 


E2 


E3 


E4 


E5 


E6 
16 
E7 
DATA 
INPUTS 
E8 
E9 


E10 
Ell 


E12 
E13 


E14 


E15 


16:1 Mux 


FUNCTION 
TABLE 


0 C B A EO 
E1 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
ElO 
Ell 
El2 
El3 
El4 
El5 
y w 


SELECT 
---- 
INPUTS---- 
OUTPUTS 
COMMENTS 


111111 
0 C B A 
0123456789012345 
y 
w 
------------------------------------------------------------ 
L 
L 
L 
L 
LHHHHHHHHHHHHHHH 
L 
H 
INPUT 
EO"" 
0 


L 
L 
L 
L 
m.!.!.!.!.!.!.!.!.!.!.!.T.T.T. 
H 
L 
INPUT 
EO .. 1 
L 
L 
L 
L 
HHHHAHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 


L 
L 
L 
H 
HI,HHHHHHHHHHHHHH 
L 
H 
INPUT 
El .. 0 
L 
L 
L 
H 
LHLI,!·T.I,I·IeI·I·LLLLL 
H 
L 
INPUT 
El .. 1 


L 
L 
L 
H 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 


L 
L 
H L 
RBJ·HHHHHHHHHHHHH 
L 
H 
INPUT 
E2 .. 0 


L 
L 
H L 
LLHLI.I,I·I·I·I.I,I.I·I,I·I, 
H 
L 
INPUT 
E2 .. 1 
L 
L 
H L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 


L 
L 
H H 
JmHT.HHHHHHHHHHHH 
L 
H 
INPUT 
E3 .. 0 
L 
L 
H H 
LLLHLLLLLI·!·I·I·I,!·I· 
H 
L 
INPUT 
E3 .. 1 
L 
L 
H H 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 


L 
H L 
L 
mmm·HHHHHHHHHHH 
L 
H 
INPUT 
E4 .. 0 
L 
H L 
L 
LLI·I.m·I·I·I,I·I·I·I·I·I·I, 
H 
L 
INPUT 
E4 .. 1 
L 
H L 
L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
L 
H L 
H 
HHBBRI·HHHHHHHHHH 
L 
H 
INPUT 
E5 .. 0 
L 
H L 
H 
LLI,I·I.m.I.I.I.I. 
LLLLL 
H 
L 
INPUT 
E5 .. 1 
L 
H L 
H 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
L 
H H L 
HHHHHHI.HHHHHHHHH 
L 
H 
INPUT 
E6 .. 0 
L 
H H L 
LLLLLI.m·I,I·I·I·I.I.I.T. 
H 
L 
INPUT 
E6 .. 1 
D 
L 
H H L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
L 
H H H 
HHHHHHHI,HHHHHHHH 
L 
H 
INPUT 
E7 .. 0 
L 
H H H 
LLI.IeI.I.!.m.I.I.I.I.I.I.I. 
H 
L 
INPUT 
E7 .. 1 
L 
H H H 
HHHHHHHHHHHHHHHB 
H 
L 
TOGGLE 
OTHER 
LINES 
H L 
L 
L 
HHHHHHHHI.HHHHHHH 
L 
H 
INPUT 
E8 .. 0 
H L 
L 
L 
LLLLI.I.I.I,m,I,I,I.I,I.I· 
H 
L 
INPUT 
E8 .. 1 
H L 
L 
L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
H L 
L H 
HHHHHHHHH',BHBHB'R 
L 
H 
INPUT 
E9 .. 0 
H 
L 
L 
H 
LLLLLLLLLHLLLLLL 
H 
L 
INPUT 
E9 .. 1 
H L 
L H 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
H L H 
L 
HHHHHHBHHHLHHHH 
L 
H 
INPUT 
ElO .. 0 
H 
L 
H L 
LLLLLLLLLLHLLLLL 
H 
L 
INPUT 
ElO .. 1 
H L H 
L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
H 
L H H 
HHHHHHHHHHH 
I ,BHHH 
L 
H 
INPUT 
Ell .. 0 
H 
L H H 
LLLLLLLLLLLHLLLL 
H 
L 
INPUT 
Ell .. 1 
H L H 
H 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
H H 
L 
L 
HHHHHHHHHHHHI·HBH 
L 
H 
INPUT 
El2 .. 0 
H 
H L 
L 
LLI.I.I.I.I.I,I.LLLHLLL 
H 
L 
INPUT 
El2 .. 1 
H H L 
L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
H H L 
H 
HHHHHHHHHHHHHI.HH 
L 
H 
INPUT 
El3 .. 0 
H H L H 
LLI.I.I.I.I,I,I.I,I,!,LHLL 
H 
L 
INPUT 
El3 .. 1 
H H L H 
HHHHHHHHHHHHRHHB 
H 
L 
TOGGLE 
OTHER 
LINES 
H H H L 
HHHHHHHHHHHHHHTS 
L 
H 
INPUT 
El4 .. 0 
H H H L 
LLLLLLLLLLLLLLHL 
H 
L 
INPUT 
El4 
2 
1 
H H H L 
HHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
H H H H 
HHHHHHHHHHHHHHHr. 
L 
H 
INPUT 
El5 .. 0 
H H H H 
LLI.I.I,I.I.I,I.LLLLLLH 
H 
L 
INPUT 
ElS 
2 
1 
H H H H 
BHHHHHHHHHHHHHHH 
H 
L 
TOGGLE 
OTHER 
LINES 
------------------------------------------------------------ 


THIS 
IS 
AN EXAMPLE OF A 16-TO-l 
MULTIPLEXER 
USING A PAL20Cl. 
BOTH TRUE 
(Y) 
AND COMPLIMENT (W) OUTPUTS ARE PROVIDED. 
THE SELECT 
LINES 
A,B,C,D 
ARE ENCODED IN 
BINARY, 
WITH A REPRESENTING 
THE LSB AND D REPRESENTING 
THE MSB. 


OPERATIONS 
TABLE: 


INPUTS 
OUTPUTS 
SELECT 
LINES 
D 
C 
B 
A 
W 
Y 
------------------------ 
L 
L 
L 
L 
/EO 
EO 
L 
L 
L 
H 
/El 
El 
L 
L 
H 
L 
/E2 
E2 
L 
L 
H 
H 
/E3 
E3 
L 
H 
L 
L 
/E4 
E4 
L 
H 
L 
H 
/E5 
E5 
L 
B 
B 
L 
IE6 
E6 
L 
B 
B 
B 
/F:1 
E7 
B 
L 
L 
L 
/E8 
E8 
B 
L 
L 
B 
/E9 
E9 
B 
L 
B 
L 
/ElO 
ElO 
B 
L 
B 
B 
/Ell 
Ell 
B 
B 
L 
L 
/El2 
El2 
B 
B 
L 
B 
/El3 
El3 
B 
B 
B 
L 
IEl4 
El4 
B 
B 
B 
B 
IElS 
ElS 
------------------------- 


1 OllllllllllXIIIIIHLOOOOl 
2 10000000000XOOOOOLHOOOOl 
3 lllllllllllXlllllLHOOOOl 
4 10111111111XIIIIIHLOOOll 
5 OlOOOOOOOOOXOOOOOLHOOOll 
6 111]1111111XIIIIILHOOOll 
7 11011111111XIIIIIHLOOIOl 
8 OOlOOOOOOOOXOOOOOLHOOIOl 
9 lllllllllllXlllllLHOOlOl 
10 11101111111XIIIIIHLOOlll 
11 OOOlOOOOOOOXOOOOOLHOOlll 
12 lllllllllllXlllllLHOOlll 
13 1111011111lXIIIIIHLOIOOl 
14 OOOOlOOOOOOXOOOOOLHOIOOl 
15 lllllllllllXlllllLHOlOOl 
16 11111011111XIIIIIHLOIOll 
17 OOOOOlOOOOOXOOOOOLHOIOll 
18 lllllllllllXlllllLHOlOll 
19 1111110111lXIIIIIHLOIIOl 
20 OOOOOOlOOOOXOOOOOLHOIIOl 
21 lllllllllllXlllllLHOllOl 
22 11111110111XIIIIIHLOllll 
23 OOOOOOOlOOOXOOOOOLHOllll 
24 lllllllllllXlllllLHOllll 
25 11111111011XIIIIIHLIOOOl 
26 OOOOOOOOlOOXOOOOOLHIOOOl 
27 lllllllllllXlllllLHlOOOl 
28 1111111110lXIIIIIHLIOOll 
29 OOOOOOOOOlOXOOOOOLHIOOll 
30 lllllllllllXlllllLHlOOll 
31 11111111110XIIIIIHLIOIOl 
32 OOOOOOOOOOlXOOOOOLHIOIOl 
33 lllllllllllXlllllLHlOlOl 
34 lllllllllllXOllllHLlOlll 
35 OOOOOOOOOOOXIOOOOLHIOlll 
36 lllllllllllXlllllLHlOlll 
37 lllllllllllXlOlllHLllOOl 
38 OOOOOOOOOOOXOIOOOLHIIOOI 
39 lllllllllllXlllllLHllOOl 
40 lllllllllllXllOllHLllOll 
41 OOOOOOOOOOOXOOIOOLHIIOll 
42 lllllllllllXlllllLHllOll 
43 lllllllllllXlllOlHLlllOl 
44 OOOOOOOOOOOXOOOIOLHIIIOI 
45 lllllllllllXlllllLHlllOl 
46 lllllllllllXllllOHLlllll 
47 OOOOOOOOOOOXOOOOILHlllll 
48 lllllllllllXlllllLHlllll 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


32 --x- 
33 x-- 
34 
35 
36 
37 
38 
39 


--x 
--x 
---x --x 
---- 


--x- ---x ---x ---x ---- 
x--x --x- ---x ---x --- 
--x- x-x- ---x ---x 
---x ---x x-x- ---x 
--x- --x 
--x- x--x 
---x --x- --x- ---x x-- 
--x- -x- 
--x- ---x ---- 


/D*/C*/B*/A*EO 
/D*/C*/B*A*E1 
/D*/C*B*/A*E2 
/D*/C*B*A*E3 
/D*C*/B*/A*E4 
/D*C*/B*A*E5 
/D*C*B*/A*E6 
/D*C*B*A*E7 


40 
---x --x 
---x --x- 
x--- 


41 
--x- --x 
--x 
-X- 
x--- 


42 
---x -x- 
---x -x- 


43 
--x- -x- 
---x -x- 


44 
---x ---x -X- --x- 
--x- 


45 
--x- ---x --x- --x- 
--x- 


46 
---x -x- 
--x- -x- 
--x- 


47 
--x- -x- 
--x- -x- 
--x- 


D*/C*/B*/A*E8 
D*/C*/B*A*E9 
x--- D*/C*B*/A*E10 
--x- D*/C*B*A*E11 
D*C*/B*/A*E12 
D*C*/B*A*E13 
D*C*B*/A*E14 
D*C*B*A*E15 


. 


01 
~ 


1~ 


23 
~ 


3 
. 
2 


22 


..• 


34 
~ 
21 
.. 


5 
~ 
~ 
20 


" 
JJ 
"" 
-1~ 


"" 
]I 
" 


--,I 


6 
------n.. 
19 
18 
.... 
- 
" 
OJ.. 
-,D- 


".... 
--,I 


7 
~ 
17 


•.. 
.. 


8 
~ 
16 
.. 


9 
~ 
~ 
15 


10 
~ 
.----;;A 
14 
~ 


11 
13 


E 
. , , . 


TEST 0 


TEST 
1 


TEST 2 


TEST 3 


TEST 4 


TEST 
5 
TEST 


TEST 6 
TEST 


TEST 
7 


TEST 8 


TEST 9 


TEST 
10 


TEST 
11 


TEST 
12 


TEST 13 


TEST 
14 


TEST 
15 


Octal Shift Register 


PAL20X8 


VCC 


L1RO 


00 


01 


02 


03 
DATA 
04 
OUT 


05 
DI 
06 


07 
07 


RILO 


GNO 
OC 


PAL20X8 
74LS498 
OCTAL 
SHIFT 
REGISTER 


MMI 
SUNNYVALE, 
CALIFORNIA 


CLK 
10 
00 
01 
02 
03 
04 
05 
06 
07 
II 
GNO 


/OC 
RILO 
Q7 
Q6 
Q5 
Q4 
Q3 
Q2 
Ql 
QO 
LIRO 
VCC 


PAL 
OESIGN 
SPECIFICATION 


UOI 
GORDON 
02/20/81 


/QO 
:= 
/Il */10* /QO 
;HOLO 
QO 


+ 
/Il* 
IO*/Ql 
;SHIFT 
RIGHT 


:+: 
Il*/IO*/LIRO 
;SHIFT 
LEFT 


+ 
Il* 
10*/00 
;LOAD 
00 


/Ql 
:= 
/Il*/IO*/Ql 
;HOLO 
Ql 


+ 
/Il* 
IO*/Q2 
;SHIFT 
RIGHT 


:+: 
Il*/IO*/QO 
;SHIFT 
LEFT 


+ 
Il* 
10*/01 
;LOAD 
01 


/Q2 
:= 
/Il */10* /Q2 
;HOLO 
02 


+ 
/Il* 
IO*/Q3 
;SHIFT 
RIGHT 


:+: 
Il*/IO*/Ql 
;SHIFT 
LEFT 


+ 
Il* 
10*/02 
;LOAD 
02 


/Q3 
:= 
/Il*/IO*/Q3 
;HOLO 
Q3 


+ 
/Il* 
IO*/Q4 
;SHIFT 
RIGHT 


:+: 
Il*/IO*/Q2 
;SHIFT 
LEFT 


+ 
Il* 
10*/03 
;LOAD 
03 


/Q4 
:= 
/Il */10* /Q4 
;HOLO 
Q4 


+ 
/Il* 
IO*/Q5 
;SHIFT 
RIGHT 


:+: 
Il */10* /Q3 
;SHIFT 
LEFT 


+ 
Il * 10*/04 
iLOAD 
04 


/Q5 
:= 
/Il*/IO*/Q5 
iHOLO 
Q5 


+ 
/Il* 
IO*/Q6 
iSHIFT 
RIGHT 


:+: 
Il*/IO*/Q4 
iSHIFT 
LEFT 


+ 
Il* 
10*/05 
iLOAD 
05 


/Q6 
:= 
/Il */10* /Q6 
;HOLO 
Q6 


+ 
/Il* 
IO*/Q7 
;SHIFT 
RIGHT 


:+: 
Il*/IO*/Q5 
iSHIFT 
LEFT 


+ 
Il* 
10*/06 
iLOAD 
06 


/Q7 
:= 
/Il */10* /Q7 
iHOLO 
Q7 


+ 
/Il* 
IO*/RILO 
iSHIFT 
RIGHT 


:+: 
Il*/IO*/Q6 
iSHIFT 
LEFT 


+ 
Il* 
10*/07 
iLOAD 
07 


IF(/Il*IO) 
/LIRO 
/QO 
iLEFT 
IN RIGHT 
OUT 


IF(Il*/IO) 
/RILO 
/Q7 
iRIGHT 
IN LEFT 
OUT 


Octal Shift Register 


FUNCTION 
TABLE 


I1 
IO 07 06 05 04 03 02 01 DO CLK lac 
RILO 
LIRO 
Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO 


DATA 
IN 
Q 
OUT 


lINST 
07----00 
CLK lac 
RILO 
LIRO 
Q7----QO 
COMMENTS 


----------------------------------------------------------------------- 


HH 
LLLLLLLL 
C 
L 
Z 
Z 
LLLLLLLL 
LOAD 
ZEROS 


LL 
XXXXXXXX 
C 
L 
Z 
Z 
LLLLLLLL 
HOLD 


HL 
XXXXXXXX 
C 
L 
L 
H 
LLLLLLLH 
SHIFT 
LEFT 
IN A H 


HL 
XXXXXXXX 
C 
L 
L 
L 
LLLLLLHL 
SHIFT 
LEFT 
IN A L 


HL 
XXXXXXXX 
C 
L 
L 
L 
LLLLLHLL 
SHIFT 
LEFT 
IN A L 


HL 
XXXXXXXX 
C 
L 
L 
L 
LLLLHLLL 
SHIFT 
LEFT 
IN A L 


liL 
XXXXXXXX 
C 
L 
L 
L 
LLLHLLLL 
SHIFT 
LEFT 
IN A L 


HL 
XXXXXXXX 
C 
L 
L 
L 
LLHLLLLL 
SHIFT 
LEFT 
IN A L 


HL 
XXXXXXXX 
C 
L 
L 
L 
LHLLLLLL 
SHIFT 
LEFT 
IN A L 


HL 
XXXXXXXX 
C 
L 
H 
L 
HLLLLLLL 
SHIFT 
LEFT 
IN A L 


HL 
XXXXXXXX 
C 
L 
L 
L 
LLLLLLLL 
SHIFT 
LEFT 
IN A L 


LL 
XXXXXXXX 
X 
H 
Z 
Z 
ZZZZZZZZ 
TEST 
HI-Z 


HH 
HHHHHHHH 
C 
L 
Z 
Z 
HHHHHHHH 
LOAD 
ONES 


LL 
XXXXXXXX 
C 
L 
Z 
Z 
HHHHHHHH 
HOLD 


LH 
XXXXXXXX 
C 
L 
L 
H 
LHHHHHHH 
SHIFT 
RIGHT 
IN A L 


LH 
XXXXXXXX 
C 
L 
H 
H 
HLHHHHHH 
SHIFT 
RIGHT 
IN A H 


LH 
XXXXXXXX 
C 
L 
H 
H 
HHLHHHHH 
SHIFT 
RIGHT 
IN A H 


LH 
XXXXXXXX 
C 
L 
H 
H 
HHHLHHHH 
SHIFT 
RIGHT 
IN A H 


LH 
XXXXXXXX 
C 
L 
H 
H 
HHHHLHHH 
SHIFT 
RIGHT 
IN A H 


LH 
XXXXXXXX 
C 
L 
H 
H 
HHHHHLHH 
SHIFT 
RIGHT 
IN A H 


LH 
XXXXXXXX 
C 
L 
H 
H 
HHHHHHLH 
SHIFT 
RIGHT 
IN A H 
9 
LH 
xxx xxx xx 
C 
L 
H 
L 
HHHHHHHL 
SHIFT 
RIGHT 
IN A H 


LH 
XXXXXXXX 
C 
L 
H 
H 
HHHHHHHH 
SHIFT 
RIGHT 
IN A H 


LL 
XXXXXXXX 
X 
H 
Z 
Z 
ZZZZZZZZ 
TEST 
HI-Z 


----------------------------------------------------------------------- 


THIS 
PAL 
IS 
AN a-BIT 
SHIFT 
REGISTER 
WITH 
PARALLEL 
LOAD AND HOLD CAPABILITY. 


TWO FUNCTION 
SELECT 
INPUTS 
(IO,I1) 
PROVIDE 
ONE OF 
FOUR 
OPERATIONS 
WHICH 
OCCUR 
SYNCHRONOUSLY 
ON THE 
RISING 
EDGE 
OF 
THE 
CLOCK 
(CLK). 
THESE 
OPERATIONS 
ARE: 


IOC 
CLK 
I1 
IO 
07-00 
Q7-QO 
OPERATION 


----------------------------------------------- 


H 
X 
X 
X 
X 
Z 
HI-Z 
L 
C 
L 
L 
X 
L 
HOLD 
L 
C 
L 
H 
x 
SR(Q) 
SHIFT 
RIGHT 


L 
C 
H 
L 
X 
SL(Q) 
SHIFT 
LEFT 


L 
C 
H 
H 
0 
0 
LOAD 
----------------------------------------------- 


TWO OR MORE OCTAL 
SHIFT 
REGISTERS 
MAY BE 
CASCADED 
TO PROVIDE 
LARGER 
SHIFT 
REGISTERS. 
RILO 
ANO LIRO 
ARE 
LOCATED 
ON PINS 
14 
AND 23 
RESPECTIVELY, 
WHICH 
PROVIDES 
FOR 
CONVENIENT 
INTERCONNECTIONS 
WHEN TWO OR MORE OCTAL 
SHIFT 
REGISTERS 
ARE 
CASCADED 
TO 
IMPLEMENT 
LARGER 
SHIFT 
REGISTERS. 


1 CI00000000IXOZLLLLLLLLZI 
2 COXXXXXXXXOXOZLLLLLLLLZI 
3 COXXXXXXXXlXOLLLLLLLLHll 
4 COXXXXXXXXIXOLLLLLLLHLOI 
5 COXXXXXXXXIXOLLLLLLHLLOI 
6 COXXXXXXXXlXOLLLLLHLLLOl 
7 COXXXXXXXXlXOLLLLHLLLLOl 
8 COxxxxXxxXIXOLLLHLLLLLOl 
9 COXXXXXXXXIXOLLHLLLLLLOI 
10 COXXXXXXXXIXOHHLLLLLLLOI 
11 COXXXXXXXXIXOLLLLLLLLLOI 
12 XOXXXXXXXXOXIZZZZZZZZZZI 
13 Cl11l111111XOZHHHHHHBHZl 
14 coxxxxxXXXOXOZHHHBHHHHZl 
15 C1XXXXXXXXOXOOLBBHHHHBHl 
16 CIXXXXXXXXOXOIHLHHHHHHHI 
17 C1XXXXXXxxOXOIHHLHHBHHHl 
18 CIXXXXXXXXOXOIHHHLHHHBHl 
19 CIXXXXXXXXOXOIHHHHLHHHHI 
20 CIXXXXXXXXOXOIHHHHHLBBHI 
21 CIXXXXXXXXOXOIHHHHHHI.HHI 
22 CIXXXXXXXXOXOIHHHHHHHLLI 
23 CIXXXXXXXXOXOIHHHHHHHBBI 
24 XOXXXXXXXXOXIZZZZZZZZZZI 


Ll 
LLl1. 
1.1.1.1. :l:l22 
2222 
2233 
3333 
3333 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 X--- 
-X-- 
/Il*IO 


1 
---x 
/00 


8 -x-- ---x 
-x-- 
/Il*/IO*/QO 


9 x--- 
---x 
-x-- 
/Il*IO*/Ql 


10 -x-x 
x--- 
Il*/IO*/LIRO 


11 x--- -x-- 
x--- 
Il*IO*/DO 


16 -x-- 
---x 
-x-- 
/Il*/IO*/Ql 


17 x--- 
---x 
-x-- 
/Il*IO*/Q2 


18 -x-- ---x 
x--- 
Il*/IO*/QO 


19 x--- 
-x-- 
x--- 
Il*IO*/Dl 


24 -x-- 
---x 
-x-- 
/Il*/IO*/Q2 


25 x--- 
---x 
-x-- 
/Il*IO*/Q3 


26 -x-- 
---x 
x--- 
Il*/IO*/Ql 


27 x--- 
-x-- 
x--- 
Il*IO*/D2 


32 -x-- 
---x 
-x-- 
/Il*/IO*/Q3 


33 x--- 
---x 
-x-- 
/Il*IO*/Q4 


34 -x-- 
---x 
x--- 
Il*/IO*/Q2 


35 x--- 
-x-- 
x--- 
Il*IO*/D3 


40 -x-- 
---x 
-x-- 
/Il*/IO*/Q4 


41 x--- 
---x 
-x-- 
/Il*IO*/Q5 


42 -x-- 
---x 
x--- 
Il*/IO*/Q3 


43 x--- 
-x-- 
x--- 
Il*IO*/D4 


48 -x-- 
---x 
-x-- 
/Il*/IO*/Q5 


49 x--- 
---x 
-x-- 
/Il*IO*/Q6 


50 -x-- 
---x 
x--- 
Il*/IO*/Q4 


51 x--- 
-x-- 
x--- 
Il*IO*/D5 


56 -x-- 
---x 
-x-- 
/Il*/IO*/Q6 


57 x--- 
---x -x-- 
/Il*IO*/Q7 


58 -x-- 
---x 
x--- 
Il*/IO*/Q5 


59 x--- 
-x-- 
x--- 
Il*IO*/D6 


64 -x-- 
---x -x-- 
/Il*/IO*/Q7 


65 x--- 
-x-x 
/Il*IO*/RlLO 


66 -x-- 
---x 
x--- 
Il*/IO*/Q6 


67 x--- 
-x-- x--- 
Il*IO*/D7 


72 -x-- 
x--- 
Il*/IO 


73 
---x 
/Q7 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,I) 


NUMBER 
OF 
FUSES 
BLOW 
= 1338 
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Octal Shift Register 


{ 


ClK 


INSTR 
10 
11 


16-BIT 
DATA 
BUS 
IN 


16-BIT 
DATA 
BUS 
OUT 


NOTE: fMAX = t 
+ t 
PO ClK 
TO LlRO 
SU 


4·Bit 
Shift Register/Comparator 


Functional Description 


Frequently it is necessary to take a serial bit stream and convert 
it to a parallel form for storage. It is also necessary, in some 
cases, to monitor 
the same bit stream for certain patterns 


e.g., floppy disk file headers, RS232 ASCII characters, etc. 


Using a PAL it is possible to combine these two functions. 


The circuit shows a 16 bit serial/parallel convertor, with three- 
state outputs and a compare true output (EO). Four PAL16R4s 
are cascaded for this design. There is also a synchronous preset 
(PR) pin available. The circuit takes positive true Non-Return- 
To-lero 
(NRl) 
data with a central 
positive edge clock and 


converts it into parallel data. When the A and B inputs are equal, 
a negative going clock is output, with the negative (leading) 
edge in the center of the output data. 


PAL Implementation 


A PAL16R4 is used, the four flip-flops 
comprising 
the shift 


register and the other gates are used to compare the data and 
output on appropriate pulse if the compare is true. For the shift 
register the equations are: 


BO := /SERIN·/PR 
B1 := /BO·/PR 
B2 := /B1·/PR 
B3 := /B2·/PR 


The inputs are inverted because of the inverting output buffer 
on each stage. To compare two inputs A and B, the boolean 
equivalence operator is A '" B (or A :.: B). 


11-BIT 
DATA IN 


CLOCK 
4 


SEAIAl 


NAZ 
DATA 
ClK 
HC 


CI 
CO2 
PA 
oc 
B 


B3 
- 
PRESET 
4 


oc 


The equations using AND-OR-INVERT 
logic are: 


A1, A2 '" B1, B2 = (lA1·/B1)"(lA2·/B2) 
+ (A1·B1)·(/A2·/B2) 


+ (/A1·/B1)"(A2·B2) 
+ (A1·B1)"(A2·B2) 


So for 3 inputs we require 8 sum of products and so on. This 
means that we have to cascade 2 stages in the 16R4 as there 
are only 7 product terms available per output. Hence, compare 
1 (C01) 
is: 


/CI 
= COMPARE IN FROM 
PREVIOUS STAGE 


= AO·BO·A1·B1·/CI 


+ AO·BO·/A1·B1·/CI 


+ /AO·/BO·A1·B1·/CI 


+ /AQ·/BO·/A1·/B1·/CI 


Compare Output 2 (C02) 
is: 


= A2·B2·A3·B3·/C·1 
and so on. 


On the final stage, the clock is inverted and gated with C02. 
This causes a negative going pulse to be output when the A 
and B inputs are equal, the leading edge being at data center. 
This pulse is the EO output. For a 16 bit register, the final C02 
output can have a maximum delay of 4x2x25ns = 200ns, so for 
a EO pulse at data center the maximum clock frequency would 
be 5 MHz. 


But, by using a carry-look-ahead 
technique, 
this could 
be 


increased to 7.2 MHz. In practice clock frequencies of greater 
than 10 MHz could be used (causing the EO pulse leading edge 
to shift off center). 


By feeding the outputs of the shift register into a bank of FIFOs 
(67401 or similar) a practical serial communication 
channel can 


be buffered 
into a microcomputer 
system. Using PALs the 


design 
can be tailored 
for 
use in different 
communication 


systems. 
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PAL16R4 
SHFT4 
4-BIT 
SHIFT 
REGISTER/COMPARATOR 


MMI 
ENGLAND 
CK CLK 
PR 
AO A1 A2 A3 
SERIN 
NC GND 


/OC 
C02 
C01 
B3 
B2 B1 BO 
EQ 
CI VCC 


PAL 
DESIGN 
SPECIFICATION 


HARRY 
HUGHES 
02/18/81 


/BO 
:= /SERIN*/PR 
;SHIFT 
LEFT 
(SERIAL 
IN) 


/B1 
:== /BO*/PR 
;SHIFT 
LEFT 


/B2 
:= /B1*/PR 
;SHIFT 
LEFT 


/B3 
:= /B2*/PR 
;SHIFT 
LEFT 


IF 
(VCC) /C01 
AO* 
BO* 
A1* 
B1*/CI 
;COMPARE 
AO= 
BO AND 
A1= 
Bl 


+ 
AO* 
BO*/A1*/B1*/CI 
;COMPARE 
AD= 
BO AND 
/A1=/B1 


+ /AO*/BO* 
A1* 
B1*/CI 
;COMPARE 
/AO=/BO 
AND 
A1= 
B1 


+ /AO*/BO*/A1*/B1*/CI 
;COMPARE 
/AO=/BO 
AND 
/A1=/B1 


IF 
(VCC) /C02 
A2* 
B2* 
A3* 
B3*/C01 
;COMPARE 
A2= 
B2 AND 
A3= 
B3 


+ 
A2* 
B2*/A3*/B3*/C01 
;COMPARE 
A2= 
B2 AND 
/A3=/B3 


+ /A2*/B2* 
A3* 
B3*/C01 
;COMPARE 
/A2=/B2 
AND 
11.3=B3 


+ /A2*/B2*/A3*/B3*/C01 
;COMPARE 
/A2=/B2 
AND 
/A3=/B3 


IF 
(VCC) 
/EQ 
/CLK*/C02 
;COMPARE 
TRUE 
PULSE 


;-INPUTS- 
;SER AAAA 
;IN 
3210 


-------CONTROL------- 
C / 
P 
C 
C 
C 
C 
E 


K OC 
R 
I 
01 
02 LK Q 


OUTPUTS 
BBBB 
3210 


x 
XXXX 
C L 
H 
X 
X 
X 
X 
X 
HHHH 
PRESET 


L 
HHHL 
C L 
L 
L 
L 
L 
L 
L 
HHHL 
SHIFT 
LEFT 
IN A L 
(A=B) 


L 
HHLL 
C L 
L 
L 
L 
L 
L 
L 
HHLL 
SHIFT 
LEFT 
IN A L 
(A=B) 


L 
HLLL 
C L 
L 
L 
L 
L 
L 
L 
HLLL 
SHIFT 
LEFT 
IN A L 
(A=B) 


L 
LLLL 
C L 
L 
L 
L 
L 
L 
L 
LLLL 
SHIFT 
LEFT 
IN A L 
(A=B) 


H 
LLLH 
C L 
L 
L 
L 
L 
L 
L 
LLLH 
SHIFT 
LEFT 
IN A H 
(A=B) 


H 
LLHH 
C L 
L 
L 
L 
L 
L 
L 
LLHH 
SHIFT 
LEFT 
IN A H 
(A=B) 


H 
LHHH 
C L 
L 
L 
L 
L 
L 
L 
LHHH 
SHIFT 
LEFT 
IN A H 
(A=B) 


H 
HHHH 
C L 
L 
L 
L 
L 
L 
L 
HHHH 
SHIFT 
LEFT 
IN A H 
(A=B) 


X 
XXXX 
L L 
X 
H 
H 
H 
X 
H 
XXXX 
PREVIOUS 
STAGE 
COMPARE 
NOT 
TRUE 
X 
XXXX 
L L 
X 
X 
X 
X 
H 
H 
XXXX 
COMPARE 
TRUE 
PULSE 
INACTIVE 
H 
HHHH 
L L 
L 
L 
L 
L 
L 
L 
HHHH 
COMPARE 
TRUE 


X 
XXXX 
X H 
X 
X 
X 
X 
X 
X 
ZZZZ 
TEST 
HI-Z 


THIS 
4-BIT 
SHIFT 
REGISTER/COMPARATOR 
ACCEPTS 
POSITIVE 
NRZ 
INPUT 
DATA 
ON 
THE 
RISING 
EDGE 
OF 
THE 
CLOCK 
(CK) 
AND 
PRODUCES 
A 
PARALLEL 
OUTPUT 
(B) WITH 
A 
'COMPARE 
TRUE 
PULSE' 
ON 
THE 
NEGATIVE 
EDGE 
OF 
THE 
CLOCK 
(CLK). 


THE 
THREE-STATE 
OUTPUTS 
(B) ARE 
HIGH-Z 
WHEN 
THE 
OUTPUT 
CONTROL 
LINE 
(/OC) 
IS 


HIGH 
AND 
ENABLED 
WHEN 
THE 
OUTPUT 
CONTROL 
LINE 
(/OC) 
IS 
LOW. 


1 CXlXXxxXXXOXXHHHHXXI 
2 COOOIII0XXOLLHHHLLOI 
3 COOOOII0XXOLLHHLLLOI 
4 COOOOOI0XXOLLHLLLLOI 
5 COOOOOOOXXOLLLLLLLOI 
6 COOIOOOIXXOLLLLLHLOI 
7 COOl1001XXOLLLLHHLOl 
8 COOIIIOIXXOLLLHHHLOI 
9 COOIIIIIXXOLLHHHHLOI 
10 OXXXXXXXXXOHHXXXXHII 
11 
OlXXXXXXXXOXXXXXXHXl 
12 OOOlllllxxOLLHHHHLOl 
13 xxxxxxxXXxlxXZzZzxxl 


11 
1111 
1111 
2222 
2222 
2233 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


8 
9 -x-- 
---x /CLK*/C02 


16 
-X-- 
-x-- 
/SERIN*/PR 


24 
-x-- ---x 
/BO*/PR 


32 
-x-- 
---x 
/B1*/PR 


40 
-x-- 
---x 
/B2*/PR 


48 
49 ---x 
x-x- x-x- 
AO*BO*A1*B1*/CI 


50 ---x 
x-x- -x-x 
AO*BO*/A1*/B1*/CI 


51 ---x 
-x-x x-x- 
/AO*/BO*A1*B1*/CI 


52 ---x 
-x-x -x-x 
/AO*/BO*/A1*/B1*/CI 


56 
57 
x-x- x-x- ---x 
A2*B2*A3*B3*/C01 


58 
x-x- -x-x ---x 
A2*B2*/A~*/B3*/C01 


59 
-x-x x-x- ---x 
/A2*/B2*A3*B3*/C01 


60 
-x-x -x-x ---x 
/A2*/B2*/A3*/B3*/C01 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,1) 


NUMBER 
OF 
FUSES 
BLOWN 
462 


1 -{> 


0121 
•• 5 6 1 
191011 
12131415 
16171119 
20212223 
24lH' 
2J 
21293031 


0 
>-J 


1 


2 
l 
19 


4, 
•) 


! 
•.. 
..• 
1Ii.. 
.. 


• 


~ 


, 


10 
II 
18 
12 
Il 


14 


15 


3 
•... 
...• 
~~ 


" 
II 


- 
~ 
17 
11 
"' 
"" 
./ 
D a---vo- 


21 


22 
~l 


13 


4 .. 
~ 
.. 
~ 


" 


~ 


" 
r;-;;J-- 
" 
"' 


27 


21 
J 


~ 


29 


30 


11 


5 
•.. 
~ 
tIC. 
.. 
...• 


31 
II 
-;J.. 
14 
"' 


15 
lS 


~ 


16 
J 
•..... 


31 


1I 
" 
6 .. 
...• 
.. 
....• 


40 


41 


~ 


42 
"' 
U1 


".. 
../ 
.. 
••" 


7 
•.. 
...• 
.. 
~ 


•••• 
r-J 
"" 


13 
"" 
SO 


SO 


8 
•.. 
~ 
...• 


5& 
J. 
" 
51 
" 
12 
10 
" 


•.... 


12 
Il 


9 
•.. 
~ 


~ 
t----- 
.. 
""" 


4·Bit Counter 
with 2 Input Mux 


{ 


AO 
2 


A 
A1 


DATA 
IN 
A2 


A3 


17 OO} 


01 
DATA 
OUT 
15 02 


14 03 


1 


80 
I 


B 
B1 
DATA 
IN 
B2 


B3 


4-BIT 
COUNTER 
WITH 
2 INPUT 
MUX 
MMI 
SUNNYVALE, 
CALIFORNIA 
CLK 
AO A1 
A2 
A3 
BO 
B1 B2 
B3 GND 


/OC 
CO 
11 Q3 
Q2 
Q1 QO 
10 CI 
VCC 


/QO 
:= /I1*/IO*/QO 
;HOLD 
QO 
(LSB) 
+ /I1* 
IO*/AO 
;LOAD 
AO 
+ 
I1*/IO*/BO 
;LOAD 
BO 
+ 
I1* 
IO*/CI*/QO 
;HOLD 
IF NO 
CARRY 
IN 
+ 
I1* 
10* CI* 
QO 
;COUNT 
IF CARRY 
IN AND 
QO=H 


/Q1 
:= 
/I1*/IO*/Q1 
;HOLD 
Q1 
+ /I1* 
IO*/A1 
;LOAD 
A1 
+ 
I1*/IO*/B1 
;LOAD 
B1 
+ 
I1* 
IO*/CI*/Q1 
;HOLD 
IF NO 
CARRY 
IN 
+ 
I1* 
IO*/QO*/Q1 
;HOLD 
IF QO,Q1=L 
+ 
11* 
10* 
CI* 
QO* 
Q1 
;COUNT 
IF CARRY 
IN AND 
QO,Q1=H 


/Q2 
:= /I1*/IO*/Q2 
;HOLD 
Q2 
+ /I1* 
IO*/A2 
;LOAD 
A2 
+ 
I1*/IO*/B2 
;LOAD 
B2 
+ 
I1* 
10* /CI* /Q2 
;HOLD 
IF NO 
CARRY 
IN 
+ 
I1* 
IO*/QO*/Q2 
;HOLD 
IF QO,Q2=]':, 


+ 
I1* 
IO*/Q1*/Q2 
;HOLD 
IF Q1,Q2=L 
+ 
11* 
10* CI* 
QO* 
Q1* 
Q2 
;COUNT 
IF CARRY 
IN AND 
QO,Q1,Q2=H 


/Q3 
:= /I1*/IO*/Q3 
;HOLD 
Q3 
(MSB) 
+ /I1* 
IO*/A3 
;LOAD 
A3 
+ 
I1*/IO*/B3 
;LOAD 
B3 
+ 
I1* 
IO*/CI*/Q3 
;HOLD 
IF NO 
CARRY 
IN 
+ 
I1* 
IO*/QO*/Q3 
;HOLD 
IF QO,Q3=L 
+ 
I1* 
IO*/Q1*/Q3 
;HOLD 
IF Q1,Q3=L 
+ 
I1* 
IO*/Q2*/Q3 
;HOLD 
IF Q2,Q3=L 
+ 
11* 
10* CI* 
QO* 
Q1* 
Q2* 
Q3 
;COUNT 
IF CARRY 
IN AND 
QO,Q1,Q2,Q3=H 


IF (VCC) 
/CO 
= /CI+/QO+/Q1+/Q2+/Q3 
;CARRY 
OUT 
IF CARRY 
IN AND 
QO,Q1,Q2,Q3=H 


CARRY 
OUT 


CLOCK 
OUTPUT 
CONTROL 


4·Bit Counter with 2 Input Mux 


FUNCTION TABLE 


CLK loe 
Il 10 A3 A2 Al AD B3 B2 Bl BO CI CO Q3 Q2 Ql QO 


--INPUTS-- 
OUTPUT 
;CONTROL 
INSTR 
AAAA 
BBBB 
CARRY 
0000 
COMMENTS 
;CLK IOC 
I1 10 
3210 
3210 
CI CO 
3210 
(HEX VALUES) 
----------------------------------------------------------------------- 
C 
L 
L 
H 
LLLL 
HHHH 
X 
X 
LLLL 
LOAD A 
(0) 
C 
L 
H 
L 
LLLL 
HHHH 
X 
X 
HHHH 
LOAD B 
(F) 
C 
L 
L 
H 
LLLH 
LHHH 
X 
X 
LLLH 
LOAD A 
(1) 
C 
L 
H 
L 
LLLH 
LHHH 
X 
X 
LHHH 
LOAD B 
(7) 
C 
L 
L 
H 
LLHL 
HLHH 
X 
X 
LLHL 
LOAD A 
(3) 
C 
L 
H 
L 
LLHL 
HLHH 
X 
X 
HLHH 
LOAD B 
(B) 
C 
L 
L 
H 
LHLL 
HHLH 
X 
X 
LHLL 
LOAD A 
(4) 
C 
L 
H 
L 
LHLL 
HHLH 
X 
X 
HHLH 
LOAD B 
(D) 
C 
L 
L 
H 
HLLL 
HHHL 
X 
X 
HLLL 
LOAD A 
(8) 
C 
L 
H 
L 
HLLL 
HHHL 
X 
X 
HHHL 
LOAD B 
(E) 
C 
L 
L 
H 
LLLL 
HHHH 
X 
X 
LLLL 
LOAD A 
(0) 
C 
L 
H 
L 
LLLL 
HHHH 
X 
X 
HHHH 
LOAD B 
(F) 
C 
L 
H 
L 
XXXX 
LLLH 
X 
X 
LLLH 
LOAD B 
(1) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
LLHL 
INCREMENT 
C 
L 
H 
L 
XXXX 
LLHH 
X 
X 
LLHH 
LOAD B 
(3) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
LHLL 
INCREMENT 
C 
L 
L 
H 
LHHH 
XXXX 
X 
X 
LHHH 
LOAD A 
(7) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
HLLL 
INC~.ENT 
C 
L 
L 
H 
HHHH 
XXXX 
X 
X 
HHHH 
LOAD A 
(F) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
LLLL 
INCREMENT 
(ROLL OVER) 
DIll 
C 
L 
H 
L 
XXXX 
HHLL 
X 
X 
HHLL 
LOAD B 
(C) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
HHLH 
INCREMENT 
(D) 
C 
L 
L 
L 
XXXX 
XXXX 
H 
L 
HHLH 
HOLD 
(D) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
HHHL 
INCREMENT 
(E) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
H 
HHHH 
INCREMENT 
(F) (CARRY OUT) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
LLLL 
INCREMENT 
(0) (ROLL OVER) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
LLLH 
INCREMENT 
(1) 
C 
L 
H 
H 
XXXX 
XXXX 
L 
L 
LLLH 
HOLD 
(NO CARRY IN) 
C 
L 
H 
H 
XXXX 
XXXX 
H 
L 
LLHL 
INCREMENT 
(2) 
X 
H 
X 
X 
XXXX 
XXXX 
X 
X 
ZZZZ 
TEST HI-Z 
----------------------------------------------------------------------- 


4·Bit Counter with 2 Input Mux 


THE 
4-BIT 
COUNTER 
LOADS 
A OR 
B FROM 
THE 
MUX, 
INCREMENTS, 
OR 
HOLDS 


ON 
THE 
RISING 
EDGE 
OF 
THE 
CLOCK. 


H 
X 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
C 
L 
L 
X 
X 
x 
Q 
HOLD 


L 
C 
L 
H 
X 
A 
X 
A 
LOAD 
A 


L 
C 
H 
L 
X 
X 
B 
B 
LOAD 
B 


L 
C 
H 
H 
L 
X 
x 
Q 
HOLD 


L 
C 
H 
H 
H 
X 
x 
Q PLUS 1 
INCREMENT 


------------------------------------------------------ 


1 C00001111XOXOLLLL1X1 
2 C0000111lXOX1HHBHOX1 
3 C10001110XOXOLLLH1X1 
4 C10001110XOX1LBBHOX1 
5 C01001101XOXOLLHL1X1 
6 C01001101XOX1HLHHOX1 
7 C0010101lXOXOLHLL1X1 
8 C00101011XOX1HHLHOX1 
9 C00010111XOXOHLLL1X1 
10 C00010111XOX1HHHLOX1 
11 C0000111lXOXOLLLL1X1 
12 C0000111lXOX1BHBHOX1 
13 CXXXX1000XOX1LLLHOX1 
14 CXXXXXXXXXOL1LLHL111 
15 CXXXX1100XOX1LLHHOX1 
16 CXXXXXXXXXOL1LHLL111 
17 C1110XXXXXOXOLBBH1X1 
18 CXXXXXXXXXOL1HLLL111 
19 C1111XXXXXOXOBHBH1X1 
20 CXXXXXXXXXOL1LLLL111 
21 CXXXX0011XOXOHHLL1X1 
22 CXXXXXXXXXOL1HHLH111 
23 CXXXXXXXXXOLOHHLH011 
24 CXXXXXXXXXOL1HHHL111 
25 CXXXXXXXXXOH1HHHH111 
26 CXXXXXXXXXOL1LLLL111 
27 CXXXXXXXXXOL1LLLH111 
28 CXXXXXXXXXOL1LLLH101 
29 CXXXXXXXXXOL1LLHL111 
30 XXXXXXXXXX1XXZZZZXX1 


4.Bit Counter with 2 Input Mux 


11 
1111 
1111 
2222 
2222 
2233 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


16 
---x ---x 
---x 
/Il*/IO*/QO 


17 -x-- --x- 
---x 
/Il*IO*/AO 


18 
---x 
-x-- 
--x- 
Il*/IO*/BO 


19 ---x --x- ---x 
--x- 
Il*IO*/CI*/QO 


20 --x- --x- --x- 
--x- 
Il*IO*CI*QO 


24 
---x 
---x 
---x 
/Il*/IO*/Q1 


25 
-xx- 
---x 
/Il*IO*/A1 


26 
---x 
-x-- --x- 
Il*/IO*/B1 


27 ---x --x- 
---x 
--x- 
Il*IO*/CI*/Q1 


28 
--x- ---x ---x 
--x- 
Il*IO*/QO*/Q1 


29 --x- --x- --x- --x- 
--x- 
Il*IO*CI*QO*Q1 


32 
---x 
---x 
---x 
/Il*/IO*/Q2 


33 
--x- -x-- 
---x 
/Il*IO*/A2 


34 
---x 
-xx- 
Il*/IO*/B2 


35 ---x --x- 
---x 
--x- 
Il*IO*/CI*/Q2 


36 
--x- ---x 
---x 
--x- 
Il*IO*/QO*/Q2 


37 
--x- 
---x ---x 
--x- 
Il*IO*/Ql*/Q2 


38 --x- --x- --x- --x- --x- 
--x- 
I1*IO*CI*QO*Q1*Q2 


40 
---x 
---x ---x 
/Il*/IO*/Q3 


41 
--x- 
-x-- 
---x 
/Il*IO*/A3 


42 
---x 
--x- -x-- Il*/IO*/B3 


43 ---x --x- 
---x --x- 
Il*IO*/CI*/Q3 


44 
--x- ---x 
---x --x- 
Il*IO*/QO*/Q3 


45 
--x- 
---x 
---x --x- 
Il*IO*/Q1*/Q3 


46 
--x- 
---x ---x --x- 
Il*IO*/Q2*/Q3 


47 --x- --x- --x- --x- --x- --x- --x- 
I1*IO*CI*QO*Q1*Q2*Q3 


56 
57 ---x 
/CI 


58 
---x 
/00 


59 
---x 
/Q1 


60 
---x 
/Q2 


61 
---x 
/Q3 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,l) 


NUMBER 
OF 
FUSES 
BLOWN 
921 
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Octal Counter 


PAL20X8 
74LS461 
OCTAL 
COUNTER 


MMI 
SUNNYVALE, 
CALIFORNIA 


CLK 
IO DO D1 D2 D3 D4 D5 D6 D7 


/OC 
/CO 
Q7 Q6 Q5 Q4 03 02 Q1 00 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/KAZMI/BLASCO 
02/10/81 


Il GND 
/CI 
VCC 


/QO 
:= 
/Il*/IO 
;CLEAR 
LSB 
+ 
IO*/QO 
;COUNT/HOLD 


:+: 
Il*/IO*/DO 
;LOAD 
DO 
(LSB) 
+ 
I1* 
IO* CI 
;COUNT 


/Ql 
:= 
/Il*/IO 
;CLEAR 
+ 
IO*/Ql 
;COUNT/HOLD 


:+: 
Il*/IO*/Dl 
;LOAD 
Dl 
+ 
I1* 
IO* CI*QO 
;COUNT 


/Q2 
:= 
/Il*/IO 
;CLEAR 
+ 
IO*/Q2 
;COUNT/HOLD 


:+: 
Il*/IO*/D2 
;LOAD 
D2 
+ 
I1* 
IO* CI*QO*Q1 
;COUNT 


/Q3 
:= 
/Il*/IO 
;CLEAR 
+ 
IO*/Q3 
;COUNT/HOLD 


:+: 
Il*/IO*/D3 
;LOAD 
D3 
+ 
Il* 
IO* CI*QO*Ql*Q2 
;COUNT 


/Q4 
:= 
/Il* /IO 
;CLEAR 
+ 
IO*/Q4 
;COUNT/HOLD 


:+: 
Il*/IO*/D4 
;LOAD 
D4 
+ 
Il* 
IO* CI*QO*Ql*Q2*Q3 
;COUNT 


/Q5 
:= 
/Il*/IO 
;CLEAR 
+ 
IO*/Q5 
;COUNT/HOLD 


:+: 
Il*/IO*/D5 
;LOAD 
D5 
+ 
Il* 
IO* CI*QO*Ql*Q2*Q3*Q4 
;COUNT 


/Q6 
:= 
/Il* /IO 
;CLEAR 
+ 
IO*/Q6 
;COUNT/HOLD 


:+: 
Il*/IO*/D6 
;LOAD 
D6 
+ 
Il* 
IO* CI*QO*Ql*Q2*Q3*Q4*Q5 
;COUNT 


/Q7 
:= 
/Il* /IO 
;CLEAR 
MSB 
+ 
IO*/Q7 
;COUNT/HOLD 


:+: 
Il*/IO*/D7 
;LOAD 
D7 
(MSB) 
+ 
Il* 
IO* CI*QO*Ql*Q2*Q3*Q4*Q5*Q6 
;COUNT 


IF 
(VCC) 
CO = CI*QO*Ql*Q2*Q3*Q4*Q5*Q6*Q7 
;CARRY 
OUT 


Octal Counter 


FUNCTION TABLE 


CLK lac 
I1 10 D7 D6 D5 D4 D3 D2 Dl DO ICI 
ICO Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 


-INPUT-- 
-OUTPUT- 


1CONTROL 
INSTR 
DDDDDDDD 
CARRY 
QQQQQQQQ 
COMMENTS 
lCLK IOC 
I1 10 
76543210 
ICI 
ICO 
76543210 
(HEX VALUES) 
------------------------------------------------------------------------------- 
C 
L 
H 
L 
LLLLLLLH 
X 
H 
LLLLLLLH 
LOAD 
(01) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHL 
INCREMENT 
C 
t 
H 
L 
LLLLLLHH 
X 
H 
LLLLLLHH 
LOAD 
(03) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHLL 
INCREMENT 
C 
L 
H 
L 
LLLLLHHH 
X 
H 
LLLLLHHH 
LOAD 
(07) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHLLL 
INCREMENT 
C 
L 
H 
L 
LLLLHHHH 
X 
H 
LLLLHHHH 
LOAD 
(OF) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLHLLLL 
INCREMENT 
C 
L 
H 
L 
LLLHHHHH 
X 
H 
LLLHHHHH 
LOAD 
(IF) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLHLLLLL 
INCREMENT 
C 
L 
H 
L 
LLHHHHHH 
X 
H 
LLHHHHHH 
LOAD 
(3F) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LHLLLLLL 
INCREMENT 
C 
L 
H 
L 
LHHHHHHH 
X 
H 
LHHHHHHH 
LOAD 
(7F) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
HLLLLLLL 
INCREMENT 
C 
L 
H 
L 
HHHHHHHH 
L 
L 
HHHHHHHH 
LOAD 
(FF) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLLL 
INCREMENT 
(ROLL OVER) 
C 
L 
H 
L 
HHHHHHHH 
L 
L 
HHHHHHHH 
LOAD 
(FF) 
C 
L 
H 
L 
HHHHHHHL 
X 
H 
HHHHHHHL 
LOAD 
(FE) 
C 
L 
H 
L 
HHHHHHLH 
X 
H 
HHHHHHLH 
LOAD 
(FD) 
C 
L 
H 
L 
HHHHHLHH 
X 
H 
HHHHHLHH 
LOAD 
(FB) 
191 
C 
L 
H 
L 
HHHHLHHH 
X 
H 
HHHHLHHH 
LOAD 
(F7) 
C 
L 
H 
L 
HHHLHHHH 
X 
H 
HHHLHHHH 
LOAD 
(EF) 
C 
L 
H 
L 
HHLHHHHH 
X 
H 
HHLHHHHH 
LOAD 
(DF) 
C 
L 
H 
L 
HLHHHHHH 
X 
H 
HLHHHHHH 
LOAD 
(BF) 
C 
L 
H 
L 
LHHHHHHH 
X 
H 
LHHHHHHH 
LOAD 
(7F) 
C 
L 
H 
L 
HHHHHHHH 
L 
L 
HHHHHHHH 
LOAD 
(FF) 
C 
L 
L 
L 
XXXXXXXX 
X 
H 
LLLLLLLL 
CLEAR 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLLH 
INCREMENT TO 
(01) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHL 
INCREMENT TO 
(02) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHH 
INCREMENT TO 
(03) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHLL 
INCREMENT TO 
(04) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHLH 
INCREMENT TO 
(05) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHHL 
INCREMENT TO 
(06) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHHH 
INCREMENT TO 
(07) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHLLL 
INCREMENT TO 
(08) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHLLH 
INCREMENT TO 
(09) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHLHL 
INCREMENT TO 
(OA) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHLHH 
INCREMENT TO 
(OB) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHHLL 
INCREMENT TO 
(OC) 
C 
L 
H 
L 
HHHHHHHL 
X 
H 
HHHHHHHL 
LOAD 
(FE) 
C 
L 
H 
H 
XXXXXXXX 
L 
L 
HHHHHHHH 
INCREMENT TO 
(FF) ICO=L 
C 
L 
H 
H 
XXXXXXXX 
H 
H 
HHHHHHHH 
CI INHIBITS COUNT AND CO 
C 
L 
L 
H 
LLLLLLLL 
L 
L 
HHHHHHHH 
HOLD SEL INHIBITS COUNT ONLY 
C 
L 
H 
H 
HHHHHHHH 
L 
H 
LLLLLLLL 
INCREMENT TO 
(00) 
X 
H 
X 
X 
XXXXXXXX 
X 
X 
ZZZZZZZZ 
TEST HI-Z 
------------------------------------------------------------------------------- 


THIS 
IS 
AN 
a-BIT 
SYNCHRONOUS 
COUNTER 
WITH 
PARALLEL 
LOAD, 
CLEAR, 
AND 
HOLD 


CAPABILITY. 
THE 
LOAD 
OPERATION 
LOADS 
THE 
INPUTS 
(D7-DO) 
INTO 
THE 
OUTPUT 
REGISTER 
(Q7-QO). 
THE 
CLEAR 
OPERATION 
RESETS 
THE 
OUTPUT 
REGISTER 
TO 
ALL 
LOWS. 
THE 
HOLD 
OPERATION 
HOLDS 
THE 
PREVIOUS 
VALUE 
REGARDLESS 
OF 
CLOCK 
TRANSITIONS. 


THE 
INCREMENT 
OPERATION 
ADDS 
ONE 
TO 
THE 
OUTPUT 
REGISTER 
WHEN 
THE 
CARRY-IN 
IS 
TRUE 
(/CI=L), 
OTHERWISE 
THE 
OPERATION 
IS 
A 
HOLD. 
THE 
CARRY-OUT 
(/CO) 
IS 
TRUE 
(/CO=L) 
WHEN 
THE 
OUTPUT 
REGISTER 
(Q7-QO) 
IS 
ALL 
HIGHS, 
OTHERWISE 
FALSE 
(/CO=H). 


THESE 
OPERATIONS 
ARE 
EXERCISED 
IN 
THE 
FUNCTION 
TABLE 
AND 
SUMMARIZED 
IN 
THE 
OPERATIONS 
TABLE: 


H 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
C 
L 
L 
X 
X 
L 
CLEAR 


L 
C 
L 
H 
X 
X 
Q 
HOLD 


L 
C 
H 
L 
X 
D 
D 
LOAD 


L 
C 
H 
H 
H 
X 
Q 
HOLD 


L 
C 
H 
H 
L 
X 
Q 
PLUS 
1 
INCREMENT 


TWO 
OR 
MORE 
OCTAL 
COUNTERS 
MAY 
BE 
CASCADED 
TO 
PROVIDE 
LARGER 
COUNTERS. 
THE 
OPERATION 
CODES 
WERE 
CHOSEN 
SUCH 
THAT 
WHEN 
II 
IS 
HIGH, 
IO MAY 
BE 
USED 
TO 
SELECT 
BETWEEN 
LOAD 
AND 
INCREMENT 
AS 
IN 
A 
PROGRAM 
COUNTER 
(JUMP/INCREMENT). 
ALSO, 
CARRY-OUT 
(/CO) 
AND 
CARRY-IN 
(/CI) 
ARE 
LOCATED 
ON 
PINS 
14 
AND 
23 
RESPECTIVELY, 
WHICH 
PROVIDES 
FOR 
CONVENIENT 
INTERCONNECTIONS 
WHEN 
TWO 
OR 
MORE 
OCTAL 
COUNTERS 
ARE 
CASCADED 
TO 
IMPLEMENT 
LARGER 
COUNTERS. 


CARRY 
OUT 


CLOCK 
OUTPUT 
CONTROL 


1 C0100000001XOHLLLLLLLHX1 
2 C1XXXXXXXX1XOHLLLLLLHL01 
3 C0110000001XOHLLLLLLHHX1 
4 C1XXXXXXXX1XOHLLLLLHLL01 
5 C0111000001XOHLLLLLHHHX1 
6 C1XXXXXXXX1XOHLLLLHLLL01 
7 C0111100001XOHLLLLHHHHX1 
8 C1XXXXXXXX1XOHLLLHLLLL01 
9 C0111110001XOHLLLHHHHHX1 
10 C1XXXXXXXX1XOHLLHLLLLL01 
11 COll1ll1001XOHLLHHHHHHX1 
12 C1XXXXXXXX1XOHLHLLLLLL01 
13 COIIIIIIIOIXOHLHHHHHHHXl 
14 CIXXXXXXXXIXOHHLLLLLLLOI 
15 COIIIIIIIIIXOLHHHHHHHHOI 
16 CIXXXXXXXX1XOHLLLLLLLLOl 
17 COIIIIIIIIIXOLHHHHHHHHOI 
18 COOIIIIIIIIXOHHHHHHHHLXl 
19 COIOIIIIIIIXOHHHHHHHLHXl 
20 COI10IIIIIIXOHHHHHHLHHXl 
21 COIIIOIIIIIXOHHHHHLHHHXl 
22 COIIIIOIIIIXOHHHHLHHHHX1 
23 COIIIIIOlllxOHHHLHHHHHX1 
24 COIIIIIIOIIXOHHLHHHHHHXl 
25 COIII1IIIOIXOHLHHHHHHHX1 
26 COII1IIIIIIXOLHHHHHHHHOl 
27 COxxxxxXXXOXOHLLLLLLLLXl 
28 ClxXXXxXXXlxOHLLLLLLLHOl 
29 ClxXXXXXXXlxOHLLLLLLHLOl 
30 ClxxxxxxxxlxOHLLLLLLHHOl 
31 ClxxXxxxXxlxOHLLLLLHLLOl 
32 CIXXXXXXXXlxOHLLLLLHLHOl 
33 CIXXXXXXXXIXOHLLLLLHHL01 
34 CIXXXXXXXXIXOHLLLLLHHH01 
35 CIXXXXXXXXIXOHLLLLHLLLOI 
36 ClxxxxxxxxlxOHLLLLHLLHOl 
37 CIXXXXXXXXIXOHLLLLHLHLOI 
38 CIXXXXXXXXIXOHLLLLHLHHOI 
39 CIXXXXXXXXIXOHLLLLHHLLOI 
40 C001IIIIIIIXOHHHHHHHHLXl 
41 CIXXXXXXXXIXOLHHHHHHHHOI 
42 ClxXxxxxxxlxOHHHHHHHHHll 
43 CIOOOOOOOOOXOLHHHHHHHHOI 
44 CIIIIIIIIIIXOHLLLLLLLLOI 
45 XXXXXXXXXXXX1XZZZZZZZZXl 


Octal Counter 


OCTAL COUNTER 


11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


8 -x-- 
-x-- 
/Il*/1O 


9 x--- ---x 
10*/00 


10 -x-- -x-- 
x--- 
Il*/1O*/DO 


11 x--x 
x--- 
1l*1O*C1 


16 -x-- 
-x-- /Il*/1O 


17 x--- 
---x 
1O*/Ql 


18 -x-- 
-x-- 
x--- 
Il*/1O*/Dl 


19 x--x --x- 
x--- 
1l*1O*C1*QO 


24 -x-- 
-x-- 
/Il*/1O 


25 x--- 
---x 
1O*/Q2 


26 -x-- 
-x-- 
x--- 
Il*/1O*/D2 


27 x--x --x- --x- 
x--- 
1l*1O*C1*QO*Ql 


32 -x-- 
-x-- /Il*/1O 


33 x--- 
---x 
1O*/Q3 


34 -x-- 
-x-- 
x--- 
Il*/1O*/D3 


35 x--x --x- --x- --x- 
x--- 
1l*1O*C1*QO*Ql*Q2 


40 -x-- 
-x-- 
/Il*/1O 


41 x--- 
---x 
1O*/Q4 


42 -x-- 
-x-- 
x--- 
Il*/1O*/D4 


43 x--x --x- --x- --x- --x- 
x--- 
1l*1O*C1*QO*Ql*Q2*Q3 


48 -x-- 
-x-- 
/Il*/1O 


49 x--- 
---x 
1O*/Q5 


50 -x-- 
-x-- 
x--- 
Il*/1O*/D5 


51 x--x --x- --x- --x- --x- --x- 
x--- 
1l*1O*C1*QO*Ql*Q2*Q3*Q4 


56 -x-- 
-x-- /Il*/1O 


57 x--- 
---x 
10*/06 


58 -x-- 
-x-- 
x--- 
Il*/1O*/D6 


59 x--x --x- --x- --x- --x- --x- --x- 
x--- 
1l*1O*C1*QO*Ql*Q2*Q3*Q4- 


64 -x-- 
-x-- 
/Il*/1O 


65 x--- 
---x 
1O*/Q7 


66 -x-- 
-x-- x--- 
Il*/1O*/D7 


67 x--x --x- --x- --x- --x- --x- --x- --x- 
x--- 
1l*1O*C1*QO*Ql*Q2*Q3*Q4- 


72 
73 ---x --x- --x- --x- --x- --x- --x- --x- --x- 
C1*QO*Ql*Q2*Q3*Q4*Q5*Q6- 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,I) 


NUMBER OF FUSES BLOW = 1243 
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Octal Counter 


{ 


ClK 


INSTR 
10 
11 


16-BIT 
DATA BUS 
IN 


16-BIT 
DATA BUS 
OUT 


1 


NOTE: 
'MAX 
~ 
IpD 
ClK 
TO CO 
+ ISU 


Octal Up/Down Counter 


PAL20X8 


vcc 


CBI 


00 


01 


02 


DATA 
03 
DATA 


IN 
04 
OUT 


05 
D 
06 


07 
07 


CBO 


GND 
6C 


PAL20X8 
P800S 
OCTAL 
UP/DOWN 
COUNTER 


MMI 
SUNNYVALE, 
CALIFORNIA 
CLK 
/LD 
DO D1 D2 D3 D4 DS D6 D7 /UD 
GND 


/OC 
/CBO 
Q7 Q6 QS Q4 03 Q2 Q1 QO /CBI 
VCC 


PAL 
DESIGN 
SPECIFICATION 
VINCENT 
COLI 
07/24/81 


/QO:= 
/LD*/QO 


+ 
LD*/DO 


:+: /LD* 
UD* 
CBI 
+ 
/LD*/UD* 
CBI 


;HOLD 
QO 
;LOAD 
DO 
(LSB) 
;INCREMENT 
;DECREMENT 


/Q1:= 
/LD*/Q1 


+ 
LD*/D1 


:+: /LD* 
UD* 
CBI* 
QO 
+ 
/LD*/UD* 
CBI*/QO 


;HOLD 
Q1 
;LOAD 
D1 
;INCREMENT 
;DECREMENT 


/Q2:= 
/LD*/Q2 
+ 
LD*/D2 


:+: /LD* 
UD* 
CBI* 
QO* 
Q1 
+ 
/LD*/UD* 
CBI*/QO*/Q1 


;HOLD 
Q2 
;LOAD 
D2 
;INCREMENT 
;DECREMENT 


/Q3:= 
/LD*/Q3 


+ 
LD*/D3 


:+: /LD* 
UD* 
CBI* 
QO* 
Q1* 
Q2 
+ 
/LD*/UD* 
CBI*/QO*/Q1*/Q2 


;HOLD 
Q3 
;LOAD 
D3 
;INCREMENT 
;DECREMENT 


/Q4:= 
/LD*/Q4 
+ 
LD*/D4 


:+: /LD* 
UD* 
CBI* 
QO* 
Q1* 
Q2* 
Q3 
+ 
/LD*/UD* 
CBI*/QO*/Q1*/Q2*/Q3 


;HOLD 
Q4 
;LOAD 
D4 
;INCREMENT 
;DECREMENT 


/QS:= 
/LD*/QS 
+ 
LD*/DS 


:+: /LD* 
UD* 
CBI* 
QO* 
Q1* 
Q2* 
Q3* 
Q4 
+ 
/LD*/UD* 
CBI*/QO*/Q1*/Q2*/Q3*/Q4 


;HOLD 
QS 
;LOAD 
DS 
;INCREMENT 
;DECREMENT 


/Q6 
:= 
/LD*/Q6 
+ 
LD*/D6 


:+: /LD* 
UD* 
CBI* 
QO* 
Q1* 
Q2* 
Q3* 
Q4* 
QS 
+ 
/LD*/UD* 
CBI*/QO*/Q1*/Q2*/Q3*/Q4*/QS 


;HOLD 
Q6 
;LOAD 
D6 
;INCREMENT 
;DECREMENT 


/Q7 
:= 
/LD*/Q7 
+ 
LD*/D7 
:+: /LD* 
UD* 
CBI* 
QO* 
Q1* 
Q2* 
Q3* 
Q4* 
QS* 
Q6 
+ 
/LD*/UD* 
CBI*/QO*/Q1*/Q2*/Q3*/Q4*/QS*/Q6 


;HOLD 
Q7 
;LOAD 
D7 
(MSB) 
;INCREMENT 
;DECREMENT 


IF (VCC) CBO 
UD* 
CBI* 
QO* 
Q1* 
Q2* 
Q3* 
Q4* 
QS* 
Q6* 
Q7 
;CARRY 
OUT 
+ /UD* 
CBI*/QO*/Q1*/Q2*/Q3*/Q4*/QS*/Q6*/Q7 
;BORROW 
OUT 


CLK /OC /LD /UD D7 D6 D5 D4 D3 D2 Dl DO /CBI /CBO 07 06 05 Q4 Q3 Q2 Ql QO 


-INPUTS- 
OUTPUTS 


;----CONTROL---- 
DDDDDDDD 
CARR/BORR 
QQQOOQQQ 
COMMENTS 


;CLK /OC /LD IUD 
76543210 
/CBI /CBO 
76543210 
(HEX VALUES) 


------------------------------------------------------------------------------- 
C 
L 
L 
X 
LLLLLLLH 
X 
X 
LLLLLLLH 
LOAD 
(01) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLLLHL 
INCREMENT 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLLH 
DECREMENT 


C 
L 
L 
X 
LLLLLLHH 
X 
X 
LLLLLLHH 
LOAD 
(03) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLLHLL 
INCREMENT 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHH 
DECREMENT 


C 
L 
L 
X 
LLLLLHHH 
X 
X 
LLLLLHHH 
LOAD 
(07) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLHLLL 
INCREMENT 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHHH 
DECREMENT 


C 
L 
L 
X 
LLLLHHHH 
X 
X 
LLLLHHHH 
LOAD 
(OF) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLHLLLL 
INCREMENT 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHHHH 
DECREMENT 


C 
L 
L 
X 
LLLHHHHH 
X 
X 
LLLHHHHH 
LOAD 
(IF) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLHLLLLL 
INCREMENT 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLHHHHH 
DECREMENT 


C 
L 
L 
X 
LLHHHHHH 
X 
X 
LLHHHHHH 
LOAD 
(3F) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LHLLLLLL 
INCREMENT 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLHHHHHH 
DECREMENT 


C 
L 
L 
X 
LHHHHHHH 
X 
X 
LHHHHHHH 
LOAD 
(7F) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
HLLLLLLL 
INCREMENT 
D 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LHHHHHHH 
DECREMENT 
C 
L 
L 
X 
HHHHHHHH 
X 
X 
HHHHHHHH 
LOAD 
(FF) 


C 
L 
L 
X 
LHHHHHHH 
X 
X 
LHHHHHHH 
LOAD 
(7F) 


C 
L 
L 
X 
HLHHHHHH 
X 
X 
HLHHHHHH 
LOAD 
(BF) 


C 
L 
L 
X 
HHLHHHHH 
X 
X 
HHLHHHHH 
LOAD 
(DF) 


C 
L 
L 
X 
HHHLHHHH 
X 
X 
HHHLHHHH 
LOAD 
(EF) 


C 
L 
L 
X 
HHHHLHHH 
X 
X 
HHHHLHHH 
LOAD 
(F7) 


C 
L 
L 
X 
HHHHHLHH 
X 
X 
HHHHHLHH 
LOAD 
(FB) 


C 
L 
L 
X 
HHHHHHLH 
X 
X 
HHHHHHLH 
LOAD 
(FD) 
C 
L 
L 
X 
HHHHHHHL 
X 
X 
HHHHHHHL 
LOAD 
(FE) 


C 
L 
H 
L 
XXXXXXXX 
L 
L 
HHHHHHHH 
INCREMENT TO 
(FF) (/CBO=L) 
C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLLLLL 
INCREMENT TO 
(00) (ROLL OVER) 
C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLLLLH 
INCREMENT TO 
(01) 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLLLHL 
INCREMENT TO 
(02) 


C 
L 
H 
L 
XXXXXXXX 
H 
H 
LLLLLLHL 
HOLD 


C 
L 
H 
L 
XXXXXXXX 
L 
H 
LLLLLLHH 
INCREMENT TO 
(03) 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHL 
DECREMENT TO 
(02) 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLLH 
DECREMENT TO 
(01) 
C 
L 
H 
H 
XXXXXXXX 
L 
L 
LLLLLLLL 
DECREMENT TO 
(00) (/CBO=L) 
C 
L 
H 
H 
XXXXXXXX 
L 
II 
HHHHHHHH 
DECREMENT TO 
(FF)(ROLL UNDER) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
HHHHHHHL 
DECREMENT 
TO 
(FE) 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
HHHHHHLH 
DECRFMENT 
TO 
(FD) 


C 
L 
H 
H 
XXXXXXXX 
H 
H 
HHHHHHLH 
HOLD 


C 
L 
H 
H 
XXXXXXXX 
L 
H 
HHHHHHLL 
DECREMENT TO 
(FC) 


X 
H 
X 
X 
XXXXXXXX 
X 
X 
ZZZZZZZZ 
TEST HI-Z 
------------------------------------------------------------------------------- 


THIS 
PAL 
IS 
AN 
8-BIT 
SYNCHRONOUS 
UP/DOWN 
COUNTER 
WITH 
PARALLEL 
LOAD 
AND 
HOLD 
CAPABILITY. 
THREE 
FUNCTION 
SELECT 
INPUTS 
(/LD,/UD,/CBI) 
PROVIDE 
ONE 
OF 
FOUR 
OPERATIONS 
WHICH 
OCCUR 
SYNCHRONOUSLY 
ON 
THE 
RISING 
EDGE 
OF 
THE 
CI,OCK 
(CLK). 
THE 
LOAD 
OPERATION 
LOADS 
THE 
INPUTS 
(07-00) 
INTO 
THE 
OUTPUT 
REGISTERS 
(Q7-QO). 
THE 
HOLD 
OPERATION 
HOLDS 
THE 
PREVIOUS 
VALUE 
REGARDLESS 
OF 
CLOCK 
TRANSITIONS. 
THE 
INCREMENT 
OPERATION 
ADDS 
ONE 
TO 
THE 
OUTPUT 
REGISTER 
WHEN 
CARRY-IN 
INPUT 
IS 
TRUE 
(/CBI=L), 
OTHERWISE 
THE 
OPERATION 
IS 
A 
HOLD. 
THE 
CARRY-OUT 
(/CBO) 
IS 
TRUE 
(/CBO=L) 
WHEN 
THE 
OUTPUT 
REGISTER 
(Q7-QO) 
IS 
ALL 
HIGHS, 
OTHERWISE 
FALSE 
(/CBO=H). 
THE 
DECREMENT 
OPERATION 
SUBTRACTS 
ONE 
FROM 
THE 
OUTPUT 
REGISTER 
WHEN 
THE 
BORROW-IN 
INPUT 
IS 
TRUE 
(/CBI=L), 
OTHERWISE 
THE 
OPERATION 
IS 
A 
HOLD. 
THE 
BORROW-OUT 
(/CBO) 
IS 
TRUE 
(/CBO=L) 
WHEN 
THE 
OUTPUT 
REGISTER 
(Q7-QO) 
IS 
ALL 
LOWS, 
OTHERWISE 
FALSE 
(/CBO=H). 


THESE 
OPERATIONS 
ARE 
EXERCISED 
IN 
THE 
FUNCTION 
TABLE 
AND 
SUMMARIZED 
IN 
THE 
OPERATIONS 
TABLE: 


H 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
C 
L 
X 
X 
0 
L 
LOAD 


L 
C 
H 
L 
H 
X 
Q 
HOLD 


L 
C 
H 
L 
L 
X 
Q 
PLUS 
1 
INCREMENT 


L 
C 
H 
H 
H 
X 
Q 
HOLD 


L 
C 
H 
H 
L 
X 
Q MINUS 
1 
DECREMENT 


THIS 
OCTAL 
COUNTER 
IS 
IMPLEMENTED 
WITH 
A 
SINGLE 
PAL20X8. 
CARRY/BORROW-OUT 
(jCBO) 
AND 
CARRY/BORROW-IN 
(jCBI) 
ARE 
LOCATED 
ON 
PINS 
14 
AND 
23 
RESPECTIVELY, 
WHICH 
PROVIDES 
FOR 
CONVENIENT 
INTERCONNECTIONS 
WHEN 
TWO 
OR 
MORE 
OCTAL 
UP/DOWN 
COUNTERS 
ARE 
CASCADED 
TO 
IMPLEMENT 
LARGER 
COUNTERS. 


CARRY 
OUT 


CLOCK 
OUTPUT 
CONTROL 


1 C010000000XXOXLLLLLLLHX1 
2 C1XXXXXXXXOXOHLLLLLLHL01 
3 C1XXXXXXXX1XOHLLLLLLLH01 
4 C011000000XXOXLLLLLLHHX1 
5 C1XXXXXXXXOXOHLLLLLHLL01 
6 C1XXXXXXXX1XOHLLLLLLHH01 
7 C011100000XXOXLLLLLHHHX1 
8 C1XXXXXXXXOXOHLLLLHLLL01 
9 C1XXXXXXXX1XOHLLLLLHHH01 
10 C011110000XXOXLLLLHHHHX1 
11 C1XXXXXXXXOXOHLLLHLLLL01 
12 C1XXXXXXXX1XOHLLLLHHHH01 
13 C011111000XXOXLLLHHHHHX1 
14 C1~XXXXXXXOXOHLLHLLLLL01 
15 C1XXXXXXXX1XOHLLLHHHHH01 
16 C011111100XXOXLLHHHHHHX1 
17 C1XXXXXXXXOXOHLHLLLLLL01 
18 C1XXXXXXXX1XOHLLHHHHHH01 
19 CO~1111110XXOXLHHHHHHHX1 
20 C1XXXXXXXXOXOHHLLLLLLL01 
21 C1XXXXXXXX1XOHLHHHHHHH01 
22 C011111111XXOXHHHHHHHHX1 
23 C011111110XXOXLHHHHHHHX1 
24 C011111101XXOXHLHHHHHHX1 
25 C011111011XXOXHHLHHHHHX1 
26 C011110111XXOXHHHLHHHHX1 
27 C011101111XXOXHHHHLHHHX1 
28 C011011111XXOXHHHHHLHHX1 
29 C010111111XXOXHHHHHHLHX1 
30 C001111111XXOXHHHHHHHLX1 
31 C1XXXXXXXXOXOLHHHHHHHH01 
32 C1XXXXXXXXOXOHLLLLLLLL01 
33 C1XXXXXXXXOXOHLLLLLLLH01 
34 C1XXXXXXXXOXOHLLLLLLHL01 
35 C1XXXXXXXXOXOHLLLLLLHL11 
36 C1XXXXXXXXOXOHLLLLLLHH01 
37 C1XXXXXXXX1XOHLLLLLLHL01 
38 C1XXXXXXXX1XOHLLLLLLLH01 
39 C1XXXXXXXX1XOLLLLLLLLL01 
40 C1XXXXXXXX1XOHHHHHHHHH01 
41 C1XXXXXXXX1XOHHHHHHHHL01 
42 C1XXXXXXXX1XOHHHHHHHLH01 
43 C1XXXXXXXX1XOHHHHHHHLH11 
44 C1XXXXXXXX1XOHHHHHHHLL01 
45 XXXXXXXXXXXX1XZZZZZZZZX1 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


8 x--- ---x 
/LD*/QO 


9 -x-- -x-- 
LD*/DO 


10 x--x 
-x-- /LD*UD*CBI 


11 x--x 
x--- 
/LD*/UD*CBI 


16 x--- 
---x 
/LD*/Ql 


17 -x-- 
-x-- 
LD*/Dl 


18 x--x --x- 
-x-- 
/LD*UD*CBI*QO 


19 x--x ---x 
x--- 
/LD*/UD*CBI*/QO 


24 x--- 
---x 
/LD*/Q2 


25 -x-- 
-x-- 
LD*/D2 


26 x--x --x- --x- 
-x-- /LD*UD*CBI*QO*Ql 


27 x--x ---x ---x 
x--- 
/LD*/UD*CBI*/QO*/Ql 


32 x--- 
---x 
/LD*/Q3 


33 -x-- 
-x-- 
LD*/D3 


34 x--x --x- --x- --x- 
-x-- 
/LD*UD*CBI*QO*Ql*Q2 


35 x--x ---x ---x ---x 
x--- 
/LD*/UD*CBI*/QO*/Ql*/Q2 


40 x--- 
---x 
/LD*/Q4 


41 -x-- 
-x-- 
LD*/D4 


42 x--x --x- --x- --x- --x- 
-x-- 
/LD*UD*CBI*QO*Ql*Q2*Q3 
43 x--x ---x ---x ---x ---x 
x--- 
/LD*/UD*CBI*/QO*/Ql*/Q2- 


48 x--- 
---x 
/LD*/Q5 


49 -x-- 
-x-- 
LD*/D5 


50 x--x --x- --x- --x- --x- --x- 
-x-- /LD*UD*CBI*QO*Ql*Q2*Q3*- 


51 x--x ---x ---x ---x ---x ---x 
x--- 
/LD*/UD*CBI*/QO*/Ql*/Q2- 


56 x--- 
---x 
/LD*/Q6 


57 -x-- 
-x-- 
LD*/D6 


58 x--x --x- --x- --x- --x- --x- --x- 
-x-- 
/LD*UD*CBI*QO*Ql*Q2*Q3*- 


59 x--x ---x ---x ---x ---x ---x ---x 
x--- 
/LD*/UD*CBI*/QO*/Ql*/Q2- 


64 x--- 
---x 
/LD*/Q7 


65 -x-- 
-x-- 
LD*/D7 


66 x--x --x- --x- --x- --x- --x- --x- --x- 
-x-- /LD*UD*CBI*QO*Ql*Q2*Q3*- 


67 x--x ---x ---x ---x ---x ---x ---x ---x 
x--- 
/LD*/UD*CBI*/QO*/Ql*/Q2- 


72 
73 ---x --x- --x- --x- --x- --x- --x- --x- --x- -x-- UD*CBI*QO*Ql*Q2*Q3*Q4*Q- 
74 ---x ---x ---x ---x ---x ---x ---x ---x ---x x--- 
/UD*CBI*/QO*/Ql*/Q2*/Q3- 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,l) 


NUMBER OF FUSES BLOW = 1244 


1 
•..•. 


'" 
0'1 
J 
• 
S 
I 
1 
1'1011 
1l11141S 
1611 
l' n 
lOZ1221J 
Z4 
H 
2521 
l.alO}1 
12lJ)4 
JS 
1l3lJIJ! 


· 
- 
, 
:: r ......J 
23 
, 


I 
~ 
I 
j Vj 


~ 
I">" 
· 
~D 
~C2>-- 
· 


22 
.. 
" 
~ --- 


3 
~ 
~- 


~ 
" 
-49D 


~ 


" 


21 


"" 


4 
~ 


.. 
- 


~ 


.. 
:R=f9DM 


20 


"" 
•.... 


5 


r 


II 
~~D 


~ 


~ 


II 
19 


M 
~:::.. 


II 


6 
~ 


.. 
- - 


~ 
.. 
~=9D M 


18 


"" 


7 
~ 


.. 
~~D 


~ 


~ 
.. 
17 


"" 
.:5-J 


8 


.. 
~- 
'""J. 


" 
~D- 


~ 


16 
.. 
:R.J 
V 


" 


9 
~ 
.. 


~D~ 


1.1 
.. 
15 
.. 
V 


" 


10 


" 
~ 


" 
.J 
14 
"" 


i..t1 J 
"'" 


1 


"" . 


11 
A. 
13 
"'f' 


{ 


elK 


INSTR 
i:i5 
UD 


16-BIT 
DATA BUS 


IN 


16-BIT 


DATA BUS 
OUT 


1a-Bit Counter 


I 


DO 
2 


01 
3 
DATA 
IN 
02-7 


08 
S 


l.U-BIT 
CUUN'l't;,K 


MMI 
SUNNYVALE, 
CALIFORNIA 
CLK 
DO 
01 02-7 
08 
09 
/LD 
/CNT 
/UP 
SET 
/CIN 
GND 


/ac 
Q9 Q8 
Q7 
Q6 
05 
Q4 
Q3 Q2 
01 
00 
VCC 


/QO 
:= 
/SET* 
LD*/DO 
,LOAD 
DO 


+ 
/SET*/LD*/QO 
,HOLD 
(LSB) 


:+: 
/SET*/LD* 
CNT* 
CIN* 
UP 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP 
,DECREMENT 


/Q1 
:= 
/SET* 
LD*/D1 
,LOAD 
01 


+ 
/SET*/LD*/Q1 
,HOLD 


:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO 
,DECREMENT 


/Q2 
:= 
/SET* 
LD*/D2-7 
,LOAD 
02-7 
+ 
/SET*/LD*/Q2 
,HOLD 
:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
Q1 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1 
,DECREMENT 


/Q3 
:= 
/SET* 
LD*/D2-7 
,LOAD 
02-7 


+ 
/SET*/LD*/Q3 
;HOLD 
:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
01* 
Q2 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1*/Q2 
,DECREMENT 


/Q4 
:= 
/SET* 
LD*/D2-7 
,LOAD 
02-7 
+ 
/SET*/LD*/Q4 
,HOLD 
:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
Q1* 
Q2* 
03 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1*/Q2*/Q3 
,DECREMENT 


/Q5 
:= 
/SET* 
LD*/D2-7 
,LOAD 
02-7 
+ 
/SET*/LD*/Q5 
,HOLD 
:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
01* 
Q2* 
Q3* 
Q4 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4 
,DECREMENT 


/Q6 
:= 
/SET* 
LD*/D2-7 
,LOAD 
02-7 


+ 
/SET*/LD*/Q6 
,HOLD 
:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
Q1* 
Q2* 
Q3* 
Q4* 
Q5 
,INCREMENT 
+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4*/Q5 
,DECREMENT 


/Q7 
:= 
/SET* 
LD*/D2-7 
,LOAD 
02-7 


+ 
/SET*/LD*/Q7 
,HOLD 
:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
Q1* 
Q2* 
Q3* 
Q4* 
Q5* 
Q6 
,INCREMENT 
+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6 
,DECREMENT 


/Q8 
:= 
/SET* 
LD*/D8 
,LOAD 
08 
+ 
/SET*/LD*/Q8 
,HOLD 


:+: 
/SET*/LD* 
CNT* 
CIN* 
UP* 
QO* 
Q1* 
Q2* 
Q3* 
Q4* 
Q5* 
Q6* 
Q7 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/01*/Q2*/Q3*/Q4*/Q5*/Q6*/07 
,DECREMENT 


/09 
:= 
/SET* 
LD*/D9 
,LOAD 
09 
+ 
/SET*/LD*/Q9 
,HOLD 
(MSB) 


:+: 
/SET*/LD* 
eNT* 
CIN* 
up* 
QO* 
Q1* 
02* 
Q3* 
Q4* 
Q5* 
Q6* 
Q7* 
Q8 
,INCREMENT 


+ 
/SET*/LD* 
CNT* 
CIN*/UP*/QO*/Q1*/Q2*/03*/Q4*/Q5*/Q6*/07*/08 
,DECREMENT 


10-Bit Counter 


FUNCTION 
TABLE 


CLK loe SET 
ILD 
ICNT 
ICIN 
Iup 
09 
08 
02-7 
01 
DO 
09 
Q8 
Q7 
Q6 
Q5 
Q4 
Q3 
Q2 
Q1 
QO 


1 1 


,C 1 S 1 C C 1 
-DATA 
IN- 
-DATA 
OUT- 
,I. 0 E I.N 
I U 
DO 
0 
DO 
QQQQQQQQQQ 
,K C T o T N 
P 
98 
2-7 
10 
9876543210 
COMMENT 
------------------------------------------------------------------------------- 
C I. H 
X 
X 
X 
X 
xx 
x 
XX 
HHHHHHHHHH 
SET 
(SET=H) 
C I. I. I. X 
X 
X 
LL 
L 
LL 
LLLLLLLLLL 
CLEAR 
(D=L) 
C I. I. I. X 
X 
X 
HH 
H 
HH 
HHHHHHHHHH 
SET 
(D=H) 
C I. I. H H 
X 
X 
LL 
I. 
LL 
HHHHHHHHHH 
HOLD 
(jCNT=H) 
C 
I. I. I. X 
X 
X 
LL 
I. 
LL 
LLLLLLLLLL 
CLEAR 
(D=L) 
C 
I. I. H H 
X 
X 
xx 
x 
XX 
LLLLLLLLLL 
HOLD 
(jCNT=H) 
C I. I. H I. H 
X 
XX 
X 
XX 
LLLLLLLLLL 
HOLD 
(jCIN=H) 
C I. I. H 
I. I. I. 
XX 
X 
XX 
LLLLLLLLLH 
COUNT 
UP 
(NOTE 
5 CNTRLS 
LOW 
NEAR 
GND) 
C 
I. I. H I. I. I. 
XX 
X 
XX 
LLLLLLLLHL 
COUNT 
UP 
C I. I. H I. I. I. 
XX 
X 
XX 
LLLLLLLLHH 
COUNT 
UP 
C I. I. H I. I. I. 
XX 
X 
XX 
LLLLLLLHLL 
COUNT 
UP 
C I. I. H I. I. H 
XX 
X 
XX 
LLLLLLLLHH 
COUNT 
DOWN 
C I. I.H 
I. I. H 
XX 
X 
XX 
LLLLLLLLHL 
COUNT 
DOWN 


C I. I. H I. I. H 
XX 
X 
XX 
LLLLLLLLLH 
COUNT 
DOWN 
C I. I. H I. I. H 
XX 
X 
XX 
LLLLLLLLLL 
COUNT 
DOWN 
C I. I. H I. I. H 
XX 
X 
XX 
HHHHHHHHHH 
COUNT 
DOWN 
(ROLL 
UNDER) 
C I. I. H I. I. H 
XX 
X 
XX 
HHHHHHHHHL 
COUNT 
DOWN 
C I. I. H I. I. H 
XX 
X 
XX 
HHHHHHHHLH 
COUNT 
DOWN 
C I. I. H 
I. I. H 
XX 
X 
XX 
HHHHHHHHLL 
COUNT 
DOWN 
OIl 
C I. I. H I. I. H 
xx 
X 
xx 
HHHHHHHLHH 
COUNT 
DOWN 
C 
I. I. H I. I. H 
xx 
X 
xx 
HHHHHHHLHL 
COUNT 
DOWN 
C 
L I. H 
I. I. H 
xx 
X 
xx 
HHHHHHHLLH 
COUNT 
DOWN 
C I. I. H I. I. H 
xx 
X 
xx 
HHHHHHHLLL 
COUNT 
DOWN 
C I. I. I. X 
X 
X 
LL 
I. 
LL 
LLLLLLLLLL 
LOAD 
C I. I. H I. I. I. xx 
X 
xx 
LLLLLLLLLH 
COUNT 
UP 
C I. I. H H 
X 
X 
xx 
x 
xx 
LLLLLLLLLH 
HOLD 
(jCNT=H) 
C I. I.H 
I. I. H 
xx 
X 
xx 
LLLLLLLLLL 
COUNT 
DOWN 


C I. I. 1. X 
X 
X 
LL 
H 
1.1. 
LLHHHHHHLI. 
LOAD 
C 
1. I. H 1. 1. 1. xx 
X 
xx 
LLHHHHHHLH 
COUNT 
UP 
C I. I. H H 
X 
X 
xx 
x 
xx 
LLHHHHHHLH 
HOLD 
(jCNT=H) 
C L I.H 
I. L H 
xx 
X 
xx 
LLHHHHHHLL 
COUNT 
DOWN 
C I. 1. I. X 
X 
X 
HH 
I. 
HH 
HHLLLLLLHH 
LOAD 
C 
I. 1. H 
I. I. I. xx 
X 
xx 
HHLLLLLHLL 
COUNT 
UP 
C 
I. I. H H 
X 
X 
xx 
x 
xx 
HHLLLLLHLL 
HOLD 
(jCNT=H) 
C I. L H I. I. H 
xx 
X 
xx 
HHLLLLLLHH 
COUNT 
DOWN 
C 
I. 1. 1. X 
X 
X 
LH 
I. 
HI. 
LHLLLLLLHL 
LOAD 
C I. I. H I. I. I. xx 
X 
xx 
LHLLLLLLHH 
COUNT 
UP 
C I. I. H H 
X 
X 
xx 
x 
xx 
LHLLLLLLHH 
HOLD 
(jCNT=H) 
C 
I. I. H 
I. I. H 
xx 
X 
xx 
LHLLLLLLHL 
COUNT 
DOWN 
C 
I. I. I. X 
X 
X 
HI. 
H 
LH 
HLHHHHHHLH 
LOAD 
C 
L I. H 
I. I. I. xx 
X 
xx 
HLHHHHHHHL 
COUNT 
UP 
C I. I. H H 
X 
X 
xx 
x 
xx 
HLHHHHHHHL 
HOLD 
(jCNT=H) 
C I. I. H I. I. H 
xx 
X 
xx 
HLHHHHHHLH 
COUNT 
DOWN 
C I. I. I. X 
X 
X 
HH 
H 
HH 
HHHHHHHHHH 
LOAD 
C I. I. H I. I. I. 
HH 
H 
HH 
LLLLLLLLLL 
COUNT 
UP 
(ROLL 
OVER) 
X H 
X 
X 
X 
X 
X 
xx 
x 
xx 
ZZZZZZZZZZ 
TEST 
HI-Z 
------------------------------------------------------------------------------- 


THE IO-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2 LSB'S 
(DO,DI), 
2 MSB'S 
(D8,D9) AND 6 MIDDLE BITS 
(D2-7) HIGH OR LOW AS A GROUP. 


SET OVERRIDES 
LOAD 
(jLD), COUNT 
(jCNT), AND HOLD. 
LOAD OVERRIDES 
COUNT. 
COUNT 
IS CONDITIONAL 
ON CARRY IN 
(/CIN), OTHERWISE 
IT HOLDS. 


THESE OPERATIONS 
ARE EXERCISED 
IN THE FUNCTION TABLE AND SUMMARIZED 
IN THE 
OPERATIONS 
TABLE: 


H 
X 
X 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
C 
H 
X 
X 
X 
X 
X 
H 
SET ALL HIGH 
L 
C 
L 
L 
X 
X 
X 
D 
D 
LOAD D 
L 
C 
L 
H 
H 
X 
X 
X 
Q 
HOLD 
(jCNT=H) 
L 
C 
L 
H 
L 
H 
X 
X 
Q 
HOLD 
(jCIN=H) 
L 
C 
L 
H 
L 
L 
L 
X 
0 PLUS 
I 
INCREMENT 


L 
C 
L 
H 
L 
L 
H 
X 
Q MINUS 
I 
DECREMENT 


-------------------------------------------------------------------------- 


1 cxxxxxxXXIXXOHHHHHHHHHHl 
2 COOOOOOXXOXXOLLLLLLLLLLI 
3 CIIIII0XXOXXOHHHHHHHHHHI 
4 COOOOOllxOXXOHHHHHHHHHHl 
5 COOOOOOXXOXXOLLLLLLLLLLI 
6 CXXXXXIIXOXXOLLLLLLLLLLI 
7 CXXXXXI0XOIXOLLLLLLLLLLI 
8 CXXXXXI0000XOLLLLLLLLLHI 
9 CXXXXXI0000XOLLLLLLLLHLI 
10 
CXXXXXI0000XOLLLLLLLLHHI 
11 
CXXXXXI0000XOLLLLLLLHLLI 
12 Cxxxxxl0l00XOLLLLLLLLHHl 
13 
CXXXXXI0I00XOLLLLLLLLHLI 
14 
CxXxxxl0l00XOLLLLLLLLLHl 
15 
Cxxxxxl0l00XOLLLLLLLLLLl 
16 
Cxxxxxl0l00XOHHHHHHHHHHl 
17 
CXXXXXI0I00XOHHHHHHHHHLI 
18 
CXX~XXI0I00XOHHHHHHHHLHI 
19 
CXX~XXI0I00XOHHHHHHHHLLI 
20 CXX~XXI0I00XOHHHHHHHLHHI 
21 Cxxxxxl0l00XOHHHHHHHLHLl 
22 CXXXXXI0I00XOHHHHHHHLLHI 
23 CXXXXXI0I00XOHHHHHHHLLLI 
24 
COOOOOOXXOXXOLLLLLLLLLLI 
25 
CXXXXXI0000XOLLLLLLLLLHI 
26 
CXXXXXIIXOXXOLLLLLLLLLHI 
27 
CXXXXXI0100XOLLLLLLLLLLI 
28 
COOI000XXOXXOLLHHHHHHLLI 
29 
CXXXXXI0000XOLLHHHHHHLHI 
30 
CXXXXXllXOXXOLLHHHHHHLHl 
31 CXXXXXI0I00XOLLHHHHHHLLI 
32 CII0II0xxOXXOHHLLLLLLHHl 
33 CXXXXXl0000XOHHLLLLLHLLl 
34 
CXXXXXllxOxXOHHLLLLLHLLl 
35 
CXXXXXI0I00XOHHLLLLLLHHI 
36 
COI0I00XXOXXOLHLLLLLLHLI 
37 
CXXXXXI0000XOLHLLLLLLHHI 
38 
CXXXXXIIXOXXOLHLLLLLLHHI 
39 
CXXXXXI0I00XOLHLLLLLLHLI 
40 
CI0I0I0XXOXXOHLHHHHHHLHI 
41 
CXXXXXI0000XOHLHHHHHHHLI 
42 
CXXXXXIIXOXXOHLHHHHHHHLI 
43 
CXXXXXI0I00XOHLHHHHHHLHI 
44 
CIIIII0xxOXXOHHHHHHHHHHl 
45 
CIIIIII0000XOLLLLLLLLLLI 
46 
XXXXXXXXXXXXlZZZZZZZZZZl 


10-Bit 
Counter 


10-BIT 
COUNTER 


11 Ull 
Ull 
2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 
2345 6789 


0 -x-- 
-x- 
-x-- 
/SET*LD*/DO 
1 --x 
x--- 
-x-- 
/SET*/LD*/QO 
2 
x--- -x-- -x-- -x-- -x-- /SET*/LD*CNT*CIN*UP 
3 
x--- -x-- x--- -x-- -x-- /SET*/LD*CNT*CIN*/UP 


8 
-x-- 
-x-- 
-x-- 
/SET*LD*/D1 
9 
---x --- 
x-- 
-x-- 
/SET*/LD*/Q1 
10 -x- 
x--- -x-- -x-- -x-- -x-- /SET*/LD*CNT*CIN*UP*QO 
11 --x 
x-- 
-x- 
x--- -x-- -x-- /SET*/LD*CNT*CIN*/UP*/QO 


16 
-x- 
-x- 
-x-- 
/SET*LD*/D2-7 
17 
---x 
x--- 
-x-- 
/SET*/LD*/Q2 
18 -x- 
--x- 
x--- -x-- -x- 
-x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
19 -.,.x--x 
x--- -x- 
x--- -x-- -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


24 
-x- 
-x- 
-x- 
/SET*LD*/D2-7 
25 
---x --- 
x-- 
-x- 
/SET*/LD*/Q3 
26 -x- 
--x- --x- 
x-- 
-x- 
-x- 
-x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
27 --x 
-x-x 
x-- 
-x- 
x-- 
-x- 
-x-- /SET*/LD*CNT*CIN*/UP*/Q- 


32 
-x- 
-x-- 
-x-- 
/SET*LD*/D2-7 
33 
---x x-- 
-x- 
/SET*/LD*/Q4 
34 -x- 
--x- --x- --x- 
x--- -x-- -x-- -x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
35 -x 
--x 
--x 
--x 
x-- 
-x- 
x-- 
-x-- -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


40 
-x- 
-x- 
-x-- 
/SET*LD*/D2-7 
41 
x-x 
--- 
-x-- 
/SET*/LD*/Q5 
42 --x- --x- --x- --x- --x- x--- -x-- -x- 
-x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
43 ---x --x 
--x 
--x 
--x 
x--- -x-- x--- -x-- -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


48 
-x-- 
-x-- 
-x-- 
/SET*LD*/D2-7 
49 
x--- ---x 
-x-- 
/SET*/LD*/Q6 
50 -x- 
--x- --x- --x- --x- x-x- -x-- -x-- -x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
51 ---x --x 
---x --x 
---x x--x -x-- x--- -x-- -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


56 
-x- 
-x-- 
-x-- 
/SET*LD*/D2-7 
57 
x-- 
---x -x-- 
/SET*/LD*/Q7 
58 -x- 
--x- --x- -x- 
-x- 
x-x- -xx- -x-- -x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
59 --x 
---x ---x --x 
--x 
x--x -x-x x-- 
-x-- -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


64 
-x-- 
-x-- 
-x-- 
/SET*LD* /DS 
65 
x--- 
-x-x 
/SET*/LD*/Q8 
66 -x- 
--x- --x- --x- --x- x-x- -xx- -xx- -x-- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
67 --x 
--x 
--x 
--x 
---x x-x 
-x-x x--x -x-- -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


72 
-x-- -x-- 
-x-- 
/SET*LD*/D9 
73 
x--- 
-x-- ---x /SET*/LD*/Q9 
74 -x- 
--x- -x- 
--x- -x- 
x-x- -xx- -xx- -xx- -x-- /SET*/LD*CNT*CIN*UP*QO*- 
75 --x 
--x 
--x 
--x ---x x--x -x-x x--x -x-x -x-- /SET*/LD*CNT*CIN*/UP*/Q- 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,l) 


NUMBER 
OF FUSES BLOW 
= 1350 
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4·Bit Up/Down 
Counter with 
Shift Register and Comparator 


{ 


BO 
4 


DATA 
B1 
5 


IN 
B2 
6 


B3 
7 


11 
AO } 


11 A1 
DATA 


lS 
A2 
OUT 


14A3 
D 


13 
GE 


4.Bit Up/Down Counter with Shift Register and Comparator 


PAL16X4 
SCNT4C 
4-BIT 
UP/DOWN 
COUNTER 
WITH 
SHIFT 
MMI 
SUNNYVALE, 
CALIFORNIA 
CLK 
10 
Il 
BO 
Bl 
B2 
B3 
12 CLR 
GND 
/OC 
/1.10 /GE 
A3 
A2 
Al 
AO 
/LE 
/RIO 
VCC 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/COLI 
10/31/81 
REGISTER 
AND 
COMPARATOR 


/AO:= 
/I2*/Il*/IO*(/AO)*/CLR 
+ 
/12*/11* 
IO*(/BO)*/CLR 
+ 
/12* 
Il*/IO*(/Al)*/CLR 
+ 
12* 
11* 
(/AO)*/CLR 
:+: 
12*/Il*/IO*/RIO 
+ 
12* 
11*/10* 
RIO 
+ 
12* 
11* 
10* 
RIO 
+ 
CLR 


;HOLD 
AO 
;LOAD 
BO 
(LSB) 
;SHIFT 
RIGHT 
;HOLD 
(INC 
AND 
DEC) 
;SHIFT 
LEFT 
;INCREMENT 
IF CARRY 
IN 
;DECREMENT 
IF 
BORROW 
IN 
;CLEAR 
LSB 


/Al:= 
/I2*/Il*/IO*(/Al)*/CLR 
+ 
/12*/11* 
IO*(/Bl)*/CLR 
+ 
/12* 
Il*/IO*(/A2)*/CLR 
+ 
12* 
Il* 
(jAl) */CLR 
:+: 
12*/11*/10* 
(/AO) 
+ 
12* 
11*/10*( 
AO)* 
RIO 
+ 
12* 
11* 
IO*(/AO)* 
RIO 


+ 
CLR 


;HOLD 
Al 
;LOAD 
Bl 
;SHIFT 
RIGHT 
;HOLD 
(INC 
AND 
DEC) 
;SHIFT 
LEFT 
;INCREMENT 
IF 
CARRY 
IN 
;DECREMENT 
IF 
BORROW 
IN 
;CLEAR 


/A2 
:= 
/12*/11*/10* 
(/A2) */CLR 
+ 
/12*/11* 
IO*(/B2)*/CLR 
+ 
/12* 
Il*/IO*(/A3)*/CLR 
+ 
12* 
11* 
(jA2) */CLR 
:+: 
12*/Il*/IO* 
(jAl) 
+ 
12* 
11*/10*( 
Al)*( 
AO)* 
RIO 
+ 
12* 
11* 
IO*(/Al)*(/AO)* 
RIO 
+ 
CLR 


/A3 
:= 
/12*/11*/10* 
(/A3) */CLR 
+ 
/12*/11* 
IO*(/B3)*/CLR 
+ 
/12* 
11*/10* 
/LIO*/CLR 
+ 
12* 
11* 
(jA3) */CLR 
:+: 
12*/Il*/IO* 
(jA2) 
+ 
12* 
11*/10*( 
A2)*( 
Al)*( 
AO)* 
RIO 
+ 
12* 
11* 
IO*(/A2)*(/Al)*(/AO)* 
RIO 
+ 
CLR 


;HOLD 
A2 
;LOAD 
B2 
;SHIFT 
RIGHT 
;HOLD 
(INC 
AND 
DEC) 
;SHIFT 
LEFT 
;INCREMENT 
IF 
CARRY 
IN 
;DECREMENT 
IF 
BORROW 
IN 
;CLEAR 


;HOLD 
A3 
;LOAD 
B3 
(MSB) 
;SHIFT 
RIGHT 
;HOLD 
(INC 
AND 
DEC) 
;SHIFT 
LEFT 
;INCREMENT 
IF CARRY 
IN 
;DECREMENT 
IF 
BORROW 
IN 
;CLEAR 
MSB 


IF 
( 
12) 
1.10 
12*/Il*/IO*( 
A3) 
;SHIFT 
LEFT 
OUT 
+ 
12* 
11*/10*( 
A3)*( 
A2)*( 
Al)*( 
AO)* 
RIO 
;CARRY 
OUT 
+ 
12* 
11* 
IO*(/A3)*(/A2)*(/Al)*(/AO)* 
RIO 
;BORROW 
OUT 


IF 
(VCC) 
LE 
(A3*/B3) 
;B3 
LT 
A3 
+ 
(A3:*:B3)*(A2*/B2) 
;B2 
LT 
A2 
+ 
(A3:*:B3)*(A2:*:B2)*(Al*/Bl) 
;Bl 
LT 
Al 
+ 
(A3:*:B3)*(A2:*:B2)*(Al:*:Bl)*(AO*/BO) 
;BO 
LT 
AD 


+ 
(A3:*:B3)*(A2:*:B2)*(Al:*:Bl)*(AO:*:BO) 
;B 
EQ 
A 


IF 
(VCC) 
GE 
(jA3*B3) 
;B3 
GT 
A3 
+ 
(A3:*:B3)*(/A2*B2) 
;B2 
GT 
A2 
+ 
(A3:*:B3)*(A2:*:B2)*(/Al*Bl) 
;Bl 
GT 
Al 
+ 
(A3:*:B3)*(A2:*:B2)*(Al:*:Bl)*(/AO*BO) 
;BO 
GT 
AO 
+ 
(A3:*:B3)*(A2:*:B2)*(Al:*:Bl)*(AO:*:BO) 
;B 
EQ 
A 


4·202 


4·Bit Up/Down Counter with Shift Register and Comparator 


FUNCTION 
TABLE 


CLK /oe 
CLR 
12 
I1 10 B3 B2 
Bl 
BO 
/GE 
/LE 
/LIO 
/RIO 
A3 
A2 
Al 
AD 


INST 
INPUT 
OUTPUT 


;--CONTROL-- 
III 
BBBB 
STATUS 
---1/0--- 
AAAA 
COMMENTS 


;CLK /oe 
CLR 
210 
3210 
/GE 
/LE 
/LIO 
/RIO 
3210 
(HEX VALUES) 
------------------------------------------------------------------------------- 
C 
L 
H 
XXX 
XXXX 
X 
X 
Z 
Z 
LLLL 
CLEAR 


C 
L 
L 
LHL 
XXXX 
X 
X 
L 
H 
HLLL 
SHIFT 
RIGHT 
IN A H 


C 
L 
L 
LHL 
XXXX 
X 
X 
H 
H 
LHLL 
SHIFT 
RIGHT 
IN A L 
C 
L 
L 
LLL 
LHLH 
L 
H 
Z 
Z 
LHLL 
COMPARE 
B GT 
A 


C 
L 
L 
LHL 
XXXX 
X 
X 
H 
H 
LLHL 
SHIFT 
RIGHT 
IN A L 


C 
L 
L 
LLL 
LLHL 
L 
L 
Z 
Z 
LLHL 
COMPARE 
B EO A 


C 
L 
L 
LHL 
XXXX 
X 
X 
H 
L 
LLLH 
SHIFT 
RIGHT 
IN A L 
C 
L 
L 
LHL 
XXXX 
X 
X 
H 
H 
LLLL 
SHIFT 
RIGHT 
IN A L 
C 
L 
L 
HLH 
XXXX 
X 
X 
H 
Z 
HHHH 
SET 


C 
L 
L 
LLL 
XXXX 
X 
X 
Z 
Z 
HHHH 
HOLD 


C 
L 
L 
HLL 
XXXX 
X 
X 
L 
H 
HHHL 
SHIFT 
LEFT 
IN A L 


C 
L 
L 
HLL 
XXXX 
X 
X 
L 
L 
HHLH 
SHIFT 
LEFT 
IN A H 


C 
L 
L 
HLL 
XXXX 
X 
X 
L 
L 
HLHH 
SHIFT 
LEFT 
IN A H 


C 
L 
L 
HLL 
XXXX 
X 
X 
H 
L 
LHHH 
SHIFT 
LEFT 
IN A H 


C 
L 
L 
HLL 
XXXX 
X 
X 
L 
L 
HHHH 
SHIFT 
LEFT 
IN A 
H 


C 
L 
L 
LLH 
LLLH 
X 
X 
Z 
Z 
LLLH 
LOAD 
(1) 


C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
LLHL 
INCREMENT 


C 
L 
L 
HHH 
XXXX 
X 
X 
H 
L 
LLLH 
DECREMENT 


C 
L 
L 
LLH 
LLHH 
X 
X 
Z 
Z 
LLHH 
LOAD 
(3) 


C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
LHLL 
INCREMENT 
a 


C 
L 
L 
HHH 
XXXX 
X 
X 
H 
L 
LLHH 
DECREMENT 


C 
L 
L 
LLH 
LHHH 
X 
X 
Z 
Z 
LHHH 
LOAD 
(7) 


C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
HLLL 
INCREMENT 


C 
L 
L 
HHH 
XXX X 
X 
X 
H 
L 
LHHH 
DECREMENT 


C 
L 
L 
LLH 
HHHH 
X 
X 
Z 
Z 
HHHH 
LOAD 
(F) 


C 
L 
L 
LLH 
LHHH 
X 
X 
Z 
Z 
LHHH 
LOAD 
(7) 


C 
L 
L 
LLH 
HLHH 
X 
X 
Z 
Z 
HLHH 
LOAD 
(B) 


C 
L 
L 
LLH 
HHLH 
X 
X 
Z 
Z 
HHLH 
LOAD 
(D) 
C 
L 
L 
LLH 
HHHL 
X 
X 
Z 
Z 
HHHL 
LOAD 
(E) 
C 
L 
L 
LLH 
HLHL 
X 
X 
Z 
Z 
HLHL 
LOAD 
(Al 


C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
HLHH 
INCREMENT 
TO 
(B) 


C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
HHLL 
INCREMENT 
TO 
(C) 
C 
L 
L 
LLL 
HLHH 
H 
L 
Z 
Z 
HHLL 
COMPARE 
B LT A 


C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
HHLH 
INCREMENT 
TO 
(D) 


C 
L 
L 
HHL 
XXX X 
X 
X 
H 
H 
HHLH 
HOLD 
NO 
CARRY 
IN 
(/RIO=H) 
C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
HHHL 
INCREMENT 
TO 
(E) 
C 
L 
L 
HHL 
XXXX 
X 
X 
L 
L 
HHHH 
INCREMENT 
TO 
(F)CARRY 
OUT 
C 
L 
L 
HHL 
XXXX 
X 
X 
H 
L 
LLLL 
INCREMENT 
TO 
(O)ROLL 
OVER 
C 
L 
L 
LHH 
XXXX 
X 
X 
Z 
Z 
HHHH 
SET 


C 
L 
L 
HHH 
XXXX 
X 
X 
H 
L 
HHHL 
DECREMENT 
TO 
(E) 


C 
L 
L 
LLH 
LLHH 
X 
X 
Z 
Z 
LLHH 
LOAD 
(3) 


C 
L 
L 
HHH 
XXXX 
X 
X 
H 
L 
LLHL 
DECREMENT 
TO 
(2) 


L 
L 
L 
HHH 
LLHL 
X 
X 
H 
H 
LLHL 
COMPARE 
B EQ 
A 


C 
L 
L 
HHH 
XXXX 
X 
X 
H 
r. 
LLLH 
DECREMENT 
TO 
(1) 
C 
L 
L 
HHH 
XXXX 
X 
X 
L 
L 
LLLL 
DECREMENT 
TO 
(O)BOROW 
OUT 
C 
L 
L 
HHH 
XXXX 
X 
X 
H 
L 
HHHH 
DECREMENT 
TO 
(F)ROLL 
UNDR 
X 
H 
X 
XXX 
XXXX 
X 
X 
X 
X 
ZZZZ 
TEST 
HI-Z 
------------------------------------------------------------------------------- 


COUNT 
DOWN, 
SHIFT 
RIGHT, 
SHIFT 
LEFT, 
COMPARE 
GREATER 
THAN 
OR 
EQUAL 
TO, 
COMPARE 
LESS 
THAN 
OR 
EQUAL 
TO, 
CLEAR, 
SET, 
LOAD, 
OR 
HOLD 
AS 
SPECIFIED 
BY 
THE 
INSTRUCT- 
ION 
LINES 
(12,11,10) 
AND 
CLEAR 
(CLR). 
ALL 
OPERATIONS 
OCCUR 
SYNCHRONOUSLY 
ON 
THE 
RISING 
EDGE 
OF 
THE 
CLOCK 
(CLK) 
EXCEPT 
FOR 
THE 
COMPARISION 
OPERATIONS 
WHICH 
ARE 
PERFORMED 
ASYNCHRONOUSLY 
AND 
WITH 
NO 
INSTRUCTION 
LINES 
REQUIRED. 


THE 
COMPARISION 
OPERATIONS 
(/GE 
AND 
/LE) 
WILL 
COMPARE 
THE 
INPUT 
DATA 
(B) WITH 
THE 
DATA 
IN 
THE 
REGISTERS 
(A) AND 
SUPPLY 
THE 
FOLLOWING 
STATUS: 


B 
IS 
GREATER 
THAN 
A 


! B 
IS EQUAL 
TO 
A 


! B 
IS 
LESS 
THAN 
A 


NOTE 
THAT 
BORROW, 
CARRY, 
AND 
SHIFT 
LEFT 
AND 
RIGHT 
INPUT/OUTPUTS 
SHARE 
THE 
SAME 
I/O 
LINES 
(/LIO 
AND 
/RIO) 
AND 
THESE 
LINES 
ARE 
INVERTED 
(ACTIVE 
LOW). 


THESE 
OPERATIONS 
ARE 
EXERCISED 
IN 
THE 
FUNCTION 
TABLE 
AND 
SUMMARIZED 
IN 


THE 
OPERATIONS 
TABLE 
BELOW: 


H 
X 
X 
X 
X 
X 
X 
STATUS 
X 
X 
Z 
HI-Z 


L 
C 
H 
X 
X 
X 
X 
X 
X 
X 
X 
L 
CLEAR 


L 
C 
L 
L 
L 
L 
X 
STATUS 
X 
X 
A 
HOLD 


L 
C 
L 
L 
L 
H 
B 
X 
X 
X 
X 
B 
LOAD 
B 


L 
C 
L 
L 
H 
L 
X 
STATUS 
RI 
AD 
SR(RIO) 
SHIFT 
RIGHT 
L 
C 
L 
L 
H 
H 
X 
X 
X 
Z 
Z 
H 
SET 


L 
C 
L 
H 
L 
L 
X 
STATUS 
A3 
LI 
SL(LIO) 
SHIFT 
LEFT 
L 
C 
L 
H 
L 
H 
X 
X 
X 
H 
Z 
H 
SET 


L 
C 
L 
H 
H 
L 
X 
STATUS 
COUT 
CIN 
A 
PLUS 
1 
INCREMENT 
IF 
CIN 
L 
C 
L 
H 
H 
H 
X 
STATUS 
BOUT 
BIN 
A 
MINUS 
1 
DECREMENT 
IF 
BIN 


1 CXXXXXXXIXOZXLLLLXZl 
2 COIXXXXOOXOOXHLLLXHI 
3 COIXXXXOOXOIXLHLLXHI 
4 COOIOIOOOXOZLLHLLHZl 
5 COIXXXXOOXOIXLLHLXHI 
6 COOOIOOOOXOZLLLHLLZI 
7 COIXXXXOOXOIXLLLHXLI 
8 COIXXXXOOXOIXLLLLXHI 
9 CIOXXXXIOXOHXHHHHXZl 
10 COOXXXXOOXOZXHHHHXZl 
11 COOXXXXIOXOLXHHHLXll 
12 COOXXXXIOXOLXHHLHXOI 
13 COOXXXXIOXOLXHLHHXOI 
14 COOXXXXIOXOHXLHHHXOI 
15 COOXXXXIOXOLXHHHHXOI 
16 CIOIOOOOOXOZXLLLHXZl 
17 COIXXXXIOXOHXLLHLXOI 
18 CIIXXXXIOXOHXLLLHXOI 
19 CIOIIOOOOXOZXLLHHXZl 
20 COIXXXXIOXOHXLHLLXOI 
21 CIIXXXXIOXOHXLLHHXOI 
22 CIOIIIOOOxOZXLHHHxzl 
23 COlxXXXlOxOHXHLLLXOl 
24 CllxXxxlOxOHXLHHHXOl 
25 CIOIIIIOOXOZXHHHHXZl 
26 CIOIIIOOOXOZXLHHHXZl 
27 CIOIIOIOOxOZXHLHHXZl 
28 CIOIOIIOOXOZXHHLHXZl 
29 CIOOIIIOOxOZXHHHLxzl 
30 CIOOIOIOOXOZXHLHLXZl 
31 COIXXXXIOXOHXHLHHXOI 
32 COIXXXXIOXOHXHHLLXOI 
33 COOIIOIOOXOZHHHLLLZI 
34 COIXXXXIOXOHXHHLHXOI 
35 COIXXXXIOXOHXHHLHXll 
36 COIXXXXIOXOHXHHHLXOI 
37 COIXXXXIOXOLXHHHHXOI 
38 COIXXXXIOXOHXLLLLXOI 
39 CIIXXXXOOXOZXHHHHXZl 
40 CIIXXXXIOXOHXHHHLXOI 
41 CIOIIOOOOXOZXLLHHXZl 
42 CIIXXXXIOXOHXLLHLXOI 
43 
OllOlOOlOXOHXLLHLXll 
44 CIIXXXXIOXOHXLLLHXOI 
45 CIIXXXXIOXOLXLLLLXOI 
46 CIIXXXXIOXOHXHHHHXOI 
47 XXXXXXXXXXIXXZZZZXXI 


4-Bit Up/Down Counter with Shift Register and Comparator 


4-BIT 
UP/DOWN 
COUNTER 
WI TH 
SHIFT 
REGISTER 
AND 
COMPARATOR 
11 
1111 
1111 
2222 
2222 
2233 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


0 -x-- x--- 
-x-- 
/12*11*/10 


1 
--xx 
AO 


8 
9 
-xxx 
A3*/B3 


10 
-xxx x--x 
A3:*:B3*A2*/B2 


11 
-xxx x--x x--x 
A3:*:B3*A2:*:B2*A1*/B1 


12 
-xxx x--x x--x x--x 
A3:*:B3*A2:*:B2*A1:*:Bl*AO*/BO 
13 
x--x x--x x--x x--x 
A3:*:B3*A2:*:B2*A1:*:B1*AO:*:BO 


16 -x-- -x-- xx-- 
-x-- -x-- /I2*/I1*/IO*/AO*/CLR 
17 x--- -x-- -x-x 
-x-- -x-- /I2*/I1*IO*/BO*/CLR 


18 -x-- x--- 
xx-- 
-x-- -x-- /I2*I1*/IO*/Al*/CLR 


19 
x--- xx-- 
x--- -x-- 12*11* /AO* /CLR 


20 -xx- -x-- 
x--- 
I2*/11*/IO*/RIO 


21 -x-x x--- 
x--- 
I2*11*/IO*RIO 


22 x--x x--- 
x--- 
I2*11*IO*RIO 


23 
x--- CLR 


24 -x-- -x-- 
xx-- 
-x-- -x-- /I2*/I1*/IO*/A1*/CLR 


25 x--- -x-- 
-x-x 
-x-- -x-- /I2*/I1*IO*/Bl*/CLR 


26 -x-- x--- 
xx-- 
-x-- -x-- /I2*I1*/IO*/A2*/CLR 


27 
x--- 
xx-- 
x--- -x-- 
12*11* /A1 */CLR 


28 -x-- -x-- xx-- 
x--- 
I2*/11*/IO*/AO 


29 -x-x x--- --xx 
x--- 
I2*I1*/IO*AO*RIO 


30 x--x x--- xx-- 
x--- 
I2*I1*IO*/AO*RIO 


31 
x--- CLR 


32 -x-- -x-- 
xx-- 
-x-- -x-- /I2*/I1*/IO*/A2*/CLR 


33 x--- -x-- 
-x-x 
-x-- -x-- /I2*/I1*IO*/B2*/CLR 


34 -x-- x--- 
xx-- -x-- -x-- /I2*I1*/IO*/A3*/CLR 


35 
x--- 
xx-- 
x--- -x-- 
I2*11*/A2*/CLR 


36 -x-- -x-- 
xx-- 
x--- 
I2*/11*/IO*/A1 


37 -x-x x--- --xx --xx 
x--- 
I2*I1*/IO*A1*AO*RIO 


38 x--x x--- xx-- xx-- 
x--- 
I2*Il*IO*/A1*/AO*RIO 


39 
x--- CLR 


40 -x-- -x-- 
xx-- -x-- -x-- /I2*/I1*/IO*/A3*/CLR 


41 x--- -x-- 
-x-x -x-- -x-- /I2*/I1*IO*/B3*/CLR 


42 -x-- x--- 
-x-- -xx- /I2*I1*/IO*/LIO*/CLR 


43 
x--- 
xx-- x--- -x-- I2* 11*/A3*/CLR 


44 -x-- -x-- 
xx-- 
x--- 
I2*/11*/IO*/A2 


45 -x-x x--- --xx --xx --xx 
x--- 
I2*I1*/IO*A2*A1*AO*RIO 


46 x--x x--- xx-- xx-- xx-- 
x--- 
I2*I1*IO*/A2*/A1*/AO*RIO 


47 
x--- CLR 


48 
49 
xxx- 
/A3*B3 


50 
xxx- x--x 
A3:*:B3*/A2*B2 


51 
xxx- x--x x--x 
A3:*:B3*A2:*:B2*/A1*B1 


52 
xxx- x--x x--x x--x 
A3:*:B3*A2:*:B2*A1:*:B1*/AO*BO 
53 
x--x x--x x--x x--x 
A3:*:B3*A2:*:B2*A1:*:B1*AO:*:BO 


56 
x--- 
12 


57 -x-- -x-- 
--xx x--- 
I2*/11*/IO*A3 


58 -x-x x--- --xx --xx --xx --xx x--- 
I2*Il*/IO*A3*A2*A1*AO*RIO 


59 x--x x--- xx-- xx-- xx-- xx-- x--- 
I2*I1*IO*/A3*/A2*/Al*/AO*RIO 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,F,l) 


NUMBER 
OF 
FUSES 
BLOWN 
= 
1331 


4-206 


4·Bit Up/Down Counter with Shift Register and Comparator 


4·Bit Up/Down Counter 
with Shift Register and Comparator 


I 1> 


012 
] 
4561 
891011 
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20212223 
24252621 
2829J1l31 


0 


~ 


I 


1 
] 
" 
4, 


6 
~ 
7 


2 
•.. 
,, 
" l 


10 


11 
18 


12 
::J 


Il 


14 


l 
~ 
" 
•.. 


16 
..• 


11 
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4·Bit Flash Gray 


A/D Converter 


************** 
************** 
* 
* * 
* 
**** 
**** 
ClK 
* 1* 
*24* 
vcc 
**** 
PAL 
**** 
* 
2 0 X 
4 
* 
R 
**** 
**** 
A6 
* 2* 
*23* 
NC 
**** 
**** 
* 
* 
R 
**** 
**** 
A7 
* 3* 
*22* 
AS 
**** 
**** 
* 
* 
R 
R 
**** 
**** 
A8 
* 4* 
*21* 
A4 
**** 
**** 
* 
* 
R 
**** 
**** 
A9 
* 5* 
*20* 
IGO 
**** 
**** 
* 
* 
R 
**** 
**** 
Al0 
* 6* 
*19* 
IGl 
**** 
**** 
* 
* 
4-BIT BII 
R 
**** 
**** 
GRAY 


All 
* 7* 
*18* 
IG2 
OUT 


**** 
**** 
* 
* 
R 
**** 
**** 
A12 
* 8* 
*17* 
IG3 
**** 
**** 
* 
* 
R 
**** 
**** 
R 


A13 
* 9* 
*16* 
A3 
**** 
**** 
* 
* 
R 
**** 
R 
**** 
A14 
*10* 
*15* 
A2 
**** 
**** 
* 
* 
R 
R 
**** 
**** 
A1S 
*11* 
*14* 
Al 
**** 
**** 
* 
* 
R 
R 
**** 
**** 
GND 
*12* 
*13* 
IOC 
**** 
**** 
* 
* 
******************************* 


PAL20X4 


ADC4 
4-BIT 
FLASH 
GRAY A/D 
CONVERTER 


MMI SUNNYVALE, 
CALIFORNIA 


CLK 
A6 
A7 
AS 
A9 
AlO 
All 
Al2 
Al3 
Al4 
AlS 
GND 


/OC 
Al 
A2 
A3 
/G3 
/G2 
/G1 
/GO 
A4 
AS 
NC VCC 


PAL 
DESIGN 
SPECIFICATION 


BIRKNER/COLI 
07/29/81 


GO 
:= 
/A3 
* 
Al 
: CONVERT 
ANAIDG 
TO 
GO 
(LSB) 


+ 
/A7 
* 
AS 
:+: 
/Al1* 
A9 


+ 
/AlS* 
Al3 


Gl 
:= 
/A6 
* 
A2 
: CONVERT 
ANAIDG 
TO 
Gl 


+ 
/Al4* 
AlO 


G2 
:= 
/Al2* 
A4 
: CONVERT 
ANALOG 
TO 
G2 


G3 
:= 
AS 
: CONVERT 
ANALOG 
TO 
G3 
(MSB) 


FUNCTION 
TABLE 


/oe 
CLK 
AlS 
Al4 
Al3 
Al2 
All 
AlO 
A9 
AS 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
G3 
G2 
G1 
GO 


ANALOG 
INPUTS 
GRAY 


: CONTROL 
111111 
OUTPUTS 
COMMENTS 


:/OC 
CLK 
S432l09876S43n 
3210 
FRACTION 
OF 
Vmax 


--------------------------------------------------------- 


L 
C 
LLLT,T,T,T,T,T,T,LLLLL 
LLLL 
V=O 


L 
C 
LLLLLLLLLLLLLLH 
LLLH 
V=l/16 


L 
C 
LLLLLLLLLLLLLHH 
LLHH 
V=l/8 


L 
C 
LLLLLLLLLLLLHHH 
LLHL 
V=3/l6 


L 
C 
LLLLLLLLLLLHHHH 
LHHL 
V=l/4 


L 
C 
LLLLLLLLLLHHHHH 
LHHH 
V=S/l6 


L 
C 
LLLLLLLLLHHHHHH 
LHLH 
V=3/8 


L 
C 
LLLLLLLLHHHHHHH 
LHLL 
V=7/l6 


L 
C 
LLLLLLLHHHHHHHH 
HHLL 
V=l/2 


L 
C 
LLLLLLHHHHHHHHH 
HHLH 
V=9/l6 


L 
C 
LLLLLHHHHHHHHHH 
HHHH 
V=S/8 


L 
C 
LLLLHHHHHHHHHHH 
HHHL 
V:011/l6 


L 
C 
LLLHHHHHHHHHHHH 
HLHL 
V=3/4 


L 
C 
LLHHHHHHHHHHHHH 
HLHH 
V=l3/l6 


L 
C 
LHHHHHHHHHHHHHH 
HLLH 
V=7/8 


L 
C 
HHHHHHHHHHHHHHH 
HLLL 
V=lS/l6 


H 
X 
XXXXXXXXXXXXXXX 
ZZZZ 
TEST 
HI-Z 


THE 
4-BIT 
FLASH 
ANALOG-TO-DIGITAL 
CONVERTER 
CONVERTS 
AN ANALOG 
SIGNAL 


INTO 
A 4-BIT 
GRAY 
CODE. 
GRAY CODE 
IS 
CHOSEN 
TO 
ELIMINATE 
GLITCHES 
AT 
BINARY 
ROLL 
OVER 
POINTS. 


THE 
MAXIUM SAMPLE 
RATE 
IS 
EQUAL 
TO 
l/tpd 
OF 
THE 
PAL20X4. 
NOTE 
THAT 
NO 
FEEDBACK 
PROPAGATION 
DELAY 
IS 
INTRODUCED. 


4·Bit Flash Gray AID 
Converter 


1 COOOOOOOOOOXOOOOHBHBOOXI 
2 COOOOOOOOOOXOI00BBBLOOXl 
3 COOOOOOOOOOXOII0BBLLOOXl 
4 COOOOOOOOOOXOIIIBHLBOOXI 
5 COOOOOOOOOOXOIIIBLLBlOXl 
6 COOOOOOOOOOXOIIIBLLLIIXl 
7 CI000000000XOIIIBLBLlIXl 
8 CII00000000XOIIIBLBHlIXI 
9 CIII0000000XOIIILLBBlIXl 
10 CIIII000000XOIIILLBLlIXl 
11 CIIIII00000XOIIILLLLIIXl 
12 CIIIIII0000XOIIILLLBlIXl 
13 CIIIIIII000XOIIILBLBIIXl 
14 CIIIIIIII00XOIIILBLLI1Xl 
15 CIIIIII1110XOIIILBBLlIXl 
16 CIIIII11111XOI11LBBBl1Xl 
17 XXXXXXXXXXXXlXXXZZZZXXXl 


11 1111 1111 2222 2222 2233 3333 33jj 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


---x ---- --x- /A3*Al 
---- ---- ---- /A7*AS 
---- ---- ---- /Al1*A9 
x--- ---- -x-- /Al5*Al3 


32 -x-- 
33 


--x- ---- /A6*A2 
-x-- 
/Al4*AlO 


4·Bit Flash Gray AID Converter 
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•..... 


" 
1) 
4 
~ 
I 
1 
• 
t 
"ll 
11 U It 
,~ 
!ill 
11" 
10 I' n II 
l4 
2S a II 
a 
It I,), 
JJll~3S 
)llIlilt 
, 
-:J 
, 
23 
, 
Ill( 
L~ ~1 


, 
..... 


2 ~ 


Ct- 


. 
~- . 
.J 
. 
22 


" 
~I 


" 


l<V 
-. 


L.....~ 


"" 


~'~ 


21 
"" 


4 


.. 
~ - 
~f?, 
" 
~~D 


20 
.. 
" 
-tU 


5 
. 


~ 
...• 


" 
~D 


~ 
" 


~ 


19 


.. 
•... 


" 
"'" -- 


6 
~ 


.. 
:~D 
~ 
" 


~ 


18 
.. 
V 


" 
- 


7 
.. 
=~D~ 


~ 
.. 
17 


" 
V 


" 


8 
.. 
" 
- 


" 


..J.. 


16 


" 


_ 
L~ 
V'1 
" 
...... 


~ .. 


.. 
- 


" 


..J.. 


15 
.. 
" 


JA( 
L~ 
V'1 
~ . 


10 
~ 


" 
- 


" 
'- 
.J 
14 


"" 


~ 
11 
""- 
13 
.. 
.•...•.. 


Notes 


4·Bit Gray D/ A Converter 


************** 
************** 
VCC 


* 
* * 
* 
ANALOG 
OUT 
**** 
**** 
ClK * 1* 
PAL 
*20* VCC 
R 
**** 
**** 
* 
1 6 R 4 
* 
**** 
**** 
Vo 
R 
NC * 2* 
*19* 
AO 
**** 
**** 
* 
* 
**** 
**** 
2R 
NC * 3* 
*18* 
Al 
**** 
**** 
* 
* 
**** 
**** 
GO * 4* 
*17* 
/80 
**** 
**** 
* 
* 
**** 
**** 
Gl * 5* 
*16* 
/Bl 
4-BIT 
**** 
**** 
GRAY 
* 
* 
IN 
**** 
**** 
G2 * 6* 
*15* 
/B2 
**** 
**** 
* 
* 
**** 
**** 
G3 * 7* 
*14* 
/83 
**** 
**** 
* 
* 
**** 
**** 
NC * 8* 
*13* 
A2 
4R 


**** 
**** 
* 
* 
**** 
**** 
8R 
/OC2 * 9* 
*12* 
A3 
**** 
**** 
* 
* 
**** 
**** 
GND *10* 
*11* /OCl 
**** 
**** 
* 
* 
******************************* 
2N 
NOTE: EACH BIT CONTRIBUTES 
""""i6 VOLTS 


WHERE 
N = THE SUBSCRIPT OF B 


PAL DESIGN 
SPECIFICATION 


BIRKNER/COLI 
07/30/81 
PAL16R4 
DAC4 
4-BIT GRAY D/A CONVERTER 
MMI SUNNYVALE, 
CALIFORNIA 


CLK NC NC 
GO 
G1 
G2 
G3 NC /OC2 GND 


/0Cl A3 A2 /83 /82 /81 /80 Al 
AO 
VCC 


BO 
:= 
/GO* Gl* G2* G3 
:CONVERT GRAY TO BO 
(LSB) 


+ 
GO*/G1* 
G2* G3 
+ 
GO* Gl*/G2* 
G3 


+ 
GO* Gl* G2*/G3 


+ 
GO*/G1*/G2*/G3 


+ 
/GO* Gl*/G2*/G3 


+ 
/GO*/Gl* 
G2*/G3 


+ 
/GO*/Gl*/G2* 
G3 


B1 
:= 
/Gl*/G2* 
G3 
+ 
/Gl* G2*/G3 
+ 
G1*/G2*/G3 
+ 
G1* G2* G3 


B2 := 
/G2* G3 
+ 
G2*/G3 


B3 
:= 
G3 


IF(BO*OC2) /AO 
BO 


IF (B1*OC2) /Al 
Bl 


IF(B2*OC2) /A2 = 
B2 


IF(B3*OC2) 
/A3 
B3 


4·Bit Gray D/ A Converter 


FUNCTION 
TABLE 


/OCI 
/OC2 
CLK 
G3 G2 
Gl 
GO 
B3 
B2 
Bl 
Bo A3 
A2 Al 
AD 


;---CONTROL--- 
GRAY 
BCD 
ANALOG 
COMMENTS 


;/OCI 
/OC2 
CLK 
3210 
3210 
3210 
FRACTION 
OF 
Vmax 


---------------------------------------------------------- 


L 
L 
C 
LLLL 
LLLL 
ZZZZ 
v=o 
L 
L 
C 
LLLH 
LLLH 
ZZZL 
V=1/16 
L 
L 
C 
LLHH 
LLHL 
ZZLZ 
V=1/8 


L 
L 
C 
LLHL 
LLHH 
ZZLL 
V=3/16 
L 
L 
C 
LHHL 
LHLL 
ZLZZ 
V=1/4 


L 
L 
C 
LHHH 
LHLH 
ZLZL 
V=5/16 


L 
L 
C 
LHLH 
LHHL 
ZLLZ 
V=3/8 


L 
L 
C 
LHLL 
LHHH 
ZLLL 
V=7/16 


L 
L 
C 
HHLL 
HLLL 
LZZZ 
V=1/2 


L 
L 
C 
HHLH 
HLLH 
LZZL 
V=9/16 


L 
L 
C 
HHHH 
HLHL 
LZLZ 
V=5/8 
L 
L 
C 
HHHL 
HLHH 
LZLL 
V=1l/16 


L 
L 
C 
HLHL 
HHLL 
LLZZ 
V=3/4 


L 
L 
C 
HLHH 
HHLH 
LLZL 
V=13/16 
L 
L 
C 
HLLH 
HHHL 
LLLZ 
V=7/8 


L 
L 
C 
HLLL 
HHHH 
LLLL 
V=15/16 


H 
X 
X 
xxxx 
ZZZZ 
XXXX 
TEST 
HI-Z 
(REG) 


X 
H 
X 
XXXX 
xxxx 
ZZZZ 
TEST 
HI-Z 
(OC) 


-----------------------------_._--------------------------- 


THE 
4-BIT 
FLASH 
DIGITAL-TO-ANALOG 
CONVERTER 
CONVERTS 
A 
4-BIT 
GRAY 
CODE 
(G) 
INTO 
A 4-BIT 
BINARY 
CODE 
(B), WHICH 
IS THEN 
CONVERTED 
INTO 
ANALOG 
OUTPUTS 
(A). 


ANALOG 
OUTPUTS 
(A) ARE 
EITHER 
LOW 
OR 
HI-Z 
WHICH 
ALLOWS 
THE 
CONDITIONAL 


THREE-STATE 
OUTPUTS 
TO 
PERFORM 
THE 
OPEN 
COLLECTOR 
FUNCTION 
THAT 
IS NEEDED 
TO 


DRIVE 
THE 
RESISTOR 
NETWORK. 


1 CXXOOOOXOXOZZHBHHZZ1 
2 CXXlOOOXOXOZZHHHLZLl 
3 CXXl100XOXOZZHBLHLZ1 
4 CXX0100XOXOZZHBLLLL1 
5 CXX0110XOXOZLHLHHZZ1 
6 CXXl110XOXOZLHLHLZLl 
7 CXXl010XOXOZLHLLBLZ1 
8 CXX0010XOXOZLHLLLLLl 
9 CXX0011XOXOLZLHHHZZ1 
10 CXXl011XOXOLZLBHLZLl 
11 CXXl111XOXOLZLHLHLZ1 
12 CXX0111XOXOLZLHLLLL1 
13 CXX0101XOXOLLLLBHZZ1 
14 CXXl101XOXOLLLLBLZLl 
15 CXXl001XOXOLLLLLHLZ1 
16 CXX0001XOXOLLLLLLLL1 
17 XXXXXXXXXXlXXZZZZXXl 
18 XXXXXXXXlXXZZXXXXZZ1 


4·Bit Gray Df A Converter 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


o ---- ---- ---x ---- ---- ---- ---- -x-- 
BO*OC2 


1 
-- 
---- 
---x -- 
---- 
---- 
---- 
-- 
BO 


---- ---x ---- ---- ---- -x-- B1*OC2 
---- ---x ---- ---- ---- ---- Bl 


16 
---- -x-- x--- x---x- ---- ---- /GO*Gl*G2*G3 
17 ---- ---- x--- -x-- x- 
x--- ---- ---- GO*/G1*G2*G3 
18 
---- x- 
x--- -x-- x- 
---- ---- GO*Gl*/G2*G3 
19 -- 
---- x--- x--- x- 
-x-- ---- ---- GO*G1*G2*/G3 
20 ---- ---- x--- -x-- -x-- -x-- ---- ---- GO*/Gl*/G2*/G3 
21 ---- ---- -x-- x--- -x-- -x-- ---- ---- /GO*Gl*/G2*/G3 
22 ---- ---- -x-- -x-- x--- -x-- ---- ---- /GO*/Gl*G2*/G3 
23 ---- ---- -x-- -x-- -x-- x- 
---- ---- /GO*/G1*/G2*G3 


24 -- 
-- 
---- -x---x-- x- 
---- -- 
/Gl*/G2*G3 
25 
---- -- 
-x--x- 
-x - ---- 
---- 
/Gl*G2*/G3 
26 ---- ---- -- 
x--- -x-- -x-- ---- ---- 
G1*/G2./G3 
27 -- 
-- 
-- 
x- x- x--- ---- -- 
Gl*G2*G3 


32 ---- -- 
---- -- 
-x-- x- -- -- 
/G2*G3 
33 ---- ---- ---- ---- x- -x-- -- 
---- 
G2*/G3 


48 
---- ---- -- 
---x ---- ---- -x-- B2*OC2 
49 
---- ---x ---- ---- ---- B2 


56 
---- ---- ---x ---- -x-- B3*OC2 
57 
---- ---- ---- ---x ---- ---- B3 


4·Bit Gray D/ A Converter 


I 


0123 
4561 
891011 
lZ1}1415 
16111'19 
20112223 
24152621 
28293031 


0 
l 


I 


1 
l 
" 


19 
. 
./ 
V 
, 


6, 


~ 
~ 
3 
> 
.. 


• 
r-J 


, 


10 
" 


18 
11 


13 


14 


15 


~--t~ .> 
..• 
~ 


Ii 


~ 


"" 
'" 
19 


10 
./ 


11 


21 


13 


~ 
..• 
, 
.> 
< 
•.. 
.. 


" 


~ 


11 


M 


16 
" 
" 
J 
28 
" 
3D 
11 


5 
•... 
~ 


11 


~ 


II 
Pl 


14 
" 


]I 
J 
"" 
J8 
" 


6 
•.. 
..• 


•.. 


40 
" 
~ 
" 
"" 
10 
".. 
J 


~ 


V 
" 
46 
" 


7 
•.. 
..• 
" 
.. 
..• 


.. 
J 


••"" 
") 
13 
"""" 
, •.. 
~I--- 
.. 


" 
J 


""" 
)- 
12 
".. 


01 
OJ 


9 
•.. 
~ 
-<Jo- 
II 
.. 
...• 


8-Bit D/ A Converter 


PAL16L8 


NC 
VCC 


DO 
AO 


01 
A1 


02 
A2 


03 


04 
A4 


05 
AS 
19 
D6 


07 
A7 


VCC 
ANALOG 
OUT 


VCC 
R 


AO 
R 
Vo 


A1 
2R 


A2 
4R 


8R 
A3 


16R 
A4 


32R 
A5 


A6 
64R 


A7 
128R 


NOTE: EACH BIT CONTRIBUTES 
:: 
VOLTS 


WHERE N = THE SUBSCRIPT OF D. 


**** 
**** 
NC * 1* 
PAL 
*20* 
**** 
**** 
* 
1 6 L 8 
* 
**** 
**** 
DO * 2* 
*19* 
**** 
**** 
* 
* 
**** 
**** 
01 * 3* 
*18* 
**** 
**** 
* 
* 
**** 
**** 
02 * 4* 
*17* 
**** 
**** 
* 
* 
**** 
**** 
03 * 5* 
*16* 


8-BIT 
**** 
**** 
DIGITAL 
* 
* 
IN 
**** 
**** 
04 * 6* 
*15* 
**** 
**** 
* 
* 
**** 
**** 
05 * 7* 
*14* 
**** 
**** 
* 
* 
**** 
**** 
D6 * 8* 
*13* 
**** 
**** 
* 
* 
**** 
**** 
07 * 9* 
*12* 
**** 
**** 
* 
* 
**** 
**** 
GND *10* 
*11* 
**** 
**** 
* 
* 
******************************* 


PAL16L8 
DAC8 
8-BIT 
D/A CONVERTER 
MMI SUNNYVALE, 
CALIFORNIA 
NC DO D1 D2 D3 D4 D5 D6 D7 GND 
/oe A7 A6 AS A4 A3 A2 Al AO VCC 


IF (OO*OC) 
/AO 
DO 
;CONVERT 
DO TO ANALOG 
(LSB) 


IF (D1*OC) 
/Al 
D1 
;CONVERT 
D1 TO ANALOG 


IF (D2*OC) 
/A2 
D2 
;CONVERT 
D2 TO ANALOG 


IF (D3*OC) 
/A3 
D3 
;CONVERT 
D3 TO ANALOG 


IF (D4*OC) 
/A4 
D4 
;CONVERT 
D4 TO ANALOG 


IF (D5*OC) 
/AS 
D5 
;CONVERT 
D5 TO ANALOG 


IF (D6*OC) 
/A6 ~D6 
;CONVERT 
D6 TO ANALOG 


IF (D7*OC) 
/A7 
D7 
;CONVERT D7 TO ANALOG 
(MSB) 


;/ 
DIGITAL 
IN 
;0 
DDDDDDDD 
;C 
76543210 


ANALOG 
OUT 
AAAAAAAA 
76543210 
COMMENTS 
FRACTION 
OF Vtnax 


L 
LLLLLLLL 
ZZZZZZZZ 
V=O 
L 
LLLLLLLH 
ZZZZZZZL 
V=1/256 
L 
LLLLLLHL 
ZZZZZZLZ 
V=1/128 
L 
LLLLLLHH 
ZZZZZZLL 
V=3/256 
L 
LLLLLHLL 
ZZZZZLZZ 
V=1/64 
L 
LLLLLHHH 
ZZZZZLLL 
V=7/256 
L 
LLLLHLLL 
ZZZZLZZZ 
V=1/32 
L 
LLLLHHHH 
ZZZZLLLL 
V=15/256 
L 
LLLHLLLL 
ZZZLZZZZ 
V=1/16 
L 
LLLHHHHH 
ZZZLLLLL 
V=31/256 
L 
LLHLLLLL 
ZZLZZZZZ 
V=1/8 
L 
LLHHHHHH 
ZZLLLLLL 
V=63/256 
L 
LHLLLLLL 
ZLZZZZZZ 
V=1/4 
L 
LHHHHHHH 
ZLLLLLLL 
V=127/256 
L 
HLLLLLLL 
LZZZZZZZ 
V=1/2 
L 
HLLLLLHH 
LZZZZZLL 
V=129/256 
L 
HLLLHHHH 
LZZZLLLL 
V=141/256 
L 
HLHHHHHH 
LZLLLLLL 
V=189/256 
L 
HHHHHHHH 
LLLLLLLL 
V=255/256 
H 
XXXXXXXX 
ZZZZZZZZ 
TEST HI-Z 


PAL DESIGN 
SPECIFICATION 
BIRKNER/COLI 
07/29/81 


a-Bit Df A Converter 


THIS 
PAL 
PERFORMS 
THE 
LOGIC 
NEEDED 
TO CONVERT 
AN 
a-BIT 
DIGITAL 
SIGNAL 
INTO 
A 
256 
INCREMENT 
ANALOG 
SIGNAL. 


OUTPUTS 
ARE 
EITHER 
LOW 
OR 
HI-Z 
WHICH 
ALLOWS 
THE 
CONDITIONAL 
THREE-STATE 


OUTPUTS 
TO 
PERFORM 
THE 
OPEN 
COLLECTOR 
FUNCTION 
THAT 
IS NEEDED 
TO 


DRIVE 
THE 
RESISTOR 
NETWORK. 


1 XOOOOOOOOXOZZZZZZZZI 
2 XI0000000XOZZZZZZZLI 
3 XOI000000XOZZZZZZLZI 
4 XII000000XOZZZZZZLLI 
5 XOOI00000XOZZZZZLZZI 
6 XIII00000XOZZZZZLLLl 
7 XOOOI0000XOZZZZLZZZI 
8 XIIII0000XOZZZZLLLLI 
9 XOOOOI000XOZZZLZZZZI 
10 XIIIII000XOZZZLLLLLl 
11 XOOOOOI00XOZZLZZZZZI 
12 XIIIIII00XOZZLLLLLLl 
13 XOOOOOOI0XOZLZZZZZZI 
14 Xlllll110XOZLLLLLLLl 
15 XOOOOOOOIXOLZZZZZZZl 
16 Xl1000001XOLZZZZZLLl 
17 XlIIIOOOIXOLZZZLLLLl 
18 XIIIIIIOIXOLZLLLLLLl 
19 XlIIIIIIIXOLLLLLLLLl 
20 XXXXXXXXXXlZZZZZZZZl 


8-Bit D/ A Converter 


8-BIT O/A CONVERTER 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


0 x--- 
---x OO*OC 


1 x-- 
DO 


8 
x-- 
---x 01*OC 


9 
x--- 
01 


16 
x--- 
---x 02*OC 


17 
x--- 
02 


24 
x--- 
---x 03*OC 


25 
x--- 
03 


32 
x-- 
---x D4*OC 


33 
x-- 
D4 


40 
x--- 
---x 05*OC 


41 
x-- 
os 


48 
x--- ---x D6*OC 


49 
x--- 
D6 


56 
x--x 07*OC 


57 
x--- 07 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
FUSE BLOWN 
(H,P,l) 


NUMBER OF FUSES BLOWN 
488 


0123 
456 
J 
891011 
12131415 
16171819 
20212223 
242!l2621 
28293031 


0 


~ 


I 
1 
1 
)- 
19 
. 
5 
•1 


~ 
. 


•... 
.... 
, 
l 


9 
10 
" 


....• 
18 


11 
/ 
V 
13 
" 
15 


J 
.. 
~ 
.. 
..• 


" 
J 
"" 
19 
...••. 
11 
20 
V 
11 
11 
13 


4 


•... 
..• 


" 
l 


15 
26 
11 
...•. 
16 
18 
f 
-yo 


19 
JO 
J1 


5 
.. 
~I--- 
.... 


J2 
- 


JJ 
>-J 


34 
J5 
15 
J6 
31 
18 
" 


~ 
~ 
"I------ 
•... 
..• 


" 
J 


.. 
" 
'--..,. 
4J 
14 
.. 
45 
V 
.. 
41 


7 
~I--- 
•... 
.... 


.. 


J 


.. 
50 
51 
>-- 
.••••. 
lJ 
52 
Sl 
~t...-/ 
V 


54 
55 
>-- 


8 
.. 
~ 
"L-- 


5& 
1 


51 
51 
>-- r--..-. 
59 
---' 
12 
60 
>-- 


" 
;::::t...-/ 
V 


62 
" 
9 
.. 
~ 
11 
~ 


Octal Comparator 


I..U1"lJ:'O 
OCTAL 
COMPARATOR 
MMI 
SUNNYVALE ,CALIFORNIA 


AO A1 
A2 
A3 
A4 
AS 
A6 
A7 
BO GND 
B1 
B2 
B3 
B4 
EQ NE 
Bs 
B6 
B7 
VCC 


NE 
AO*/BO 
+ 
/AO* 
BO 
:COMPARE 
AO NE 
BO 
+ 
A1*/B1 
+ 
/A1* 
B1 
:COMPARE 
A1- NE 
B1 
+ 
A2*/B2 
+ 
/A2* 
B2 
:COMPARE 
A2 
NE 
B2 
+ 
A3*/B3 
+ 
/A3* 
B3 
:COMPARE 
A3 
NE 
B3 
+ 
A4*/B4 
+ 
/A4* 
B4 
: COMPARE 
A4 
NE 
B4 
+ 
As*/Bs 
+ 
/As* 
Bs 
:COMPARE 
AS 
NE 
Bs 
+ 
A6*/B6 
+ 
/A6* 
B6 
: COMPARE 
A6 
NE 
B6 
+ 
A7*/B7 
+ 
/A7* 
B7 
:COMPARE 
A7 
NE 
B7 


: INPUT 
A 
INPUT 
B 
OUTPUTS 
:76543210 
76543210 
NE 
EQ 
COMMENTS 


HLLLLLLL 
LLLLLLLL 
H 
L 
A7=H, 
B7=L 
LHLLLLLL 
LLLLLLLL 
H 
L 
A6=H, 
B6=L 
LLHLLLLL 
LLLLLLLL 
H 
L 
As=H, 
Bs=L 
LLLHLLLL 
LLLLLLLL 
H 
L 
A4=H, 
As=L 
LLLLHLLL 
LLLLLLLL 
H 
L 
A3=H, 
B3=L 
LLLLLHLL 
LLLLLLLL 
H 
L 
A2=H, 
B2=L 
LLLLLLHL 
LLLLLLLL 
H 
L 
A1=H, 
B1=L 
LLLLLLLH 
LLLLLLLL 
H 
L 
AO=H, 
BO=L 
LLLLLLLL 
HLLLLLLL 
H 
L 
A7=L, 
B7=H 
LLLLLLLL 
LHLLLLLL 
H 
L 
A6=L, 
B6=H 
LLLLLLLL 
LLHLLLLL 
H 
L 
As=L, 
Bs=H 
LLLLLLLL 
LLLHLLLL 
H 
L 
A4=L, 
B4=H 
LLLLLLLL 
LLLLHLLL 
H 
L 
A3=L, 
B3=H 
LLLLLLLL 
LLLLLHLL 
H 
L 
A2=L, 
B2=H 
LLLLLLLL 
LLLLLLHL 
H 
L 
A1=L, 
B1=H 
LLLLLLLL 
LLLLLLLH 
H 
L 
AO=L, 
BO=H 
LLLLLLLL 
LLLLLLLL 
L 
H 
TEST 
ALL 
L'S 
HHmnnnni 
HHHHHHHH 
L 
H 
TEST 
ALL 
H'S 
HLHLHLHL 
HLHLHLHL 
L 
H 
TEST 
EVEN 
CHECKERBOARD 
LHLHLHLH 
LHLHLHLH 
L 
H 
TEST 
ODD 
CHECKERBOARD 
HHLLHHLL 
HHLLHHLL 
L 
H 
TEST 
EVEN 
DOUBLE 
CHECKERBOARD 
LLHHLLHH 
LLHHLLHH 
L 
H 
TEST 
ODD 
DOUBLE 
CHECKERBOARD 


THE 
OCTAL 
COMPARATOR 
ESTABLISHES 
WHEN TWO a-BIT 
DATA 
STRINGS 
(A7-AO 
AND B7-BO) 
ARE 
EQUIVALENT 
(EQ=H) 
OR 
NOT 
EQUIVALENT 
(NE=H). 


Octal Comparator 


1 000000010XOOOOLHOOOI 
2 000000100XOOOOLHOOOI 
3 000001000XOOOOLHOOOI 
4 000010000XOOOOLHOOOI 
5 000100000XOOOOLHOOOI 
6 001000000XOOOOLHOOOI 
7 010000000XOOOOLHOOOI 
8 100000000XOOOOLHOOOI 
9 000000000XOOOOLH0011 
10 OOOOOOOOOXOOOOLH0101 
11 000000000XOOOOLH1001 
12 000000000X0001LH0001 
13 000000000X0010LH0001 
14 000000000X0100LH0001 
15 000000000X1000LH0001 
16 000000001XOOOOLH0001 
17 000000000XOOOOHL0001 
18 111111111X1111HL1111 
19 010101010X1010HL1011 
20 101010101X0101HL0101 
21 001100110X0110HL0111 
22 110011001X1001HL1001 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


24 -x- --- 
25 ---x ---- 
26 x-- 
27 -x-- 
28 
--- 
x--- 
29 --- 
-x- 
30 
31 


---- ---- ---- ---- ---- -x-- AO*/BO 
---- ---- ---- ---- ---- x--- /AO*BO 
---- ---- ---- ---- ---- ---x A1*/B1 
---- ---- ---- ---- ---- --x- /Al*B1 
---- ---- ---- ---- ---x ---- A2*/B2 
---- ---- ---- --x- ---- /A2*B2 
x--- ---- ---- ---x ---- ---- A3*/B3 
-x-- ---- ---- --x- --- 
---- /A3*B3 


32 
33 
34 
35 
36 
37 --- 
38 --- 
39 ---- 


---- x--- ---x --- 
---- ---- A4*/B4 
---- -x-- --x- ---- ---- ---- /A4*B4 
---- ---x x--- ---- ---- ---- A5*/B5 
---- --x- -x-- 
---- ---- /A5*B5 
---x --- 
---- x--- ---- ---- A6*/B6 
--x- ---- ---- -x- ---- ---- /A6*B6 
--x ---- ---- ---- 
x-- ---- A7*/B7 
-x- ---- ---- ---- ---- -x- ---- /A7*B7 


1 
~ 
.. 


2 
~ 
~ 
19 
.. 
.... 


3 
.. 
~ 
18 
•. 
.... 


• 
~ 
-z' 
17 
.. 
.... 


14 
15 
""" 
29 
" 
31 


5 __ 
.. 
_ 
'6 


•. 
~ 


J2 
JJ 
J4 
JS 
J6 
17 
1I 
19 


6 
~ 
- 
,. 


•.. 
.... 


7 
.. 
~ 
'3 
•.. 
.... 


8 
.. 
~ 
12 
•. 
..• 


9 
. 
" 
•.. 
.... 


NE 0 
EO 


Between Limits Comparator 


PAL16X4 


vee 


Gf 


LT 


AO 


A2 


A3 
DI 
EO 


NE 


GND 


PAL16C1 


vee 


GT1U 


LTOL 


BTWL 


Ne 


Between Limits Comparator 


Between Limits Comparator 
~ 
a: a:: a: 
g~~~ 
d::» g d 
UPPER LIMIT 
00 
--- 
« « 
PAL1SX4 
00 
CR-OU 
..J ..J 


o.!. =~ 
~GTOU 
-IT 
" 
...--{l: 
~ 
III 
BO 
•• 
.NO 
. .,.ill 
B1 
;: 
OR '.,.III 
..! 
XOR 
LOWER 
LIMIT 
B2 
•• 
GATE 
.,.:m 
~ 


ARRAY 
--- 
B3 
. .,.III 
PAL1SX4 
[! 
ill 
CR-OL 


[! 
ill 
, 
m 


G - 
-<»:m 


~ 


~ 


III 
", 
LTOL 
~ 
'NO 
; 
~ 
'-...!'.! 
II 
OR 
III 
~ 


XOR 
CR-1U 
II 
GATE 
ill 
~ 
m GTlU 


ARRAY 


o.!. ~ 
::;-, 
II 
.tlo- EI 


I 
E- 


".l- 
II 
ill 


~J 
" 
II 
f- m 
B4 
· 


.NO 
. .,. " 
ll! 
4- m 
B5 
· 


OR 
:.,." 
XOR 
BS 
· 


GATE 
-; "':m 
B7 
ARRAY 


~ 


;"'Ill 
CR-1L 
E: 
EQ1U 


IJ: 
ill 
, 
m 


G 
-<»l!J 


~ 


g- ill, 
_LTlL 
" 
l'= 
PAL1SC1 
~, 


'NO 
-f*- m 
L..-I~ 
za 
~ 
II 
OR 
:f*- ill 
XOR 
J 
f---l' 
~ 
CR-2U 
II 
GATE 


~ 


ill 
~ 


ARRAY 
J 
I-- 
"fo-- 


o.!. 


~::;-, 
~GT2U 
II 
~ 
I 
. 
1--" 


B 
"'; 
II 
AND I§.. 
II 


~ 
tL.:!. 
~EQ1L 
. 


U 
III 
II 
I- " 
'7 GATEF 
S 
B8 
'7 
,tlo-ill 
II' 
'-<>0m 
::;: 
ARRAY 
~ 


'NO 
I--~ 
B9 
'7 
DR 
tlo-E1 
;: 
B10 
;: 
XOR 
o.!. 
I--~ 
GATE 
tlo-ill 
B11 
o.!. 


ARRAY 
o.!. 
1--t;;J. 
., 
ill 
~ 
~ 


IT 
CR·2L 
ffi 
n 


~EQ2U 
II 
m 
.r; 
-<>- 
m 


-<»~ 
~ 
g- " 
II' 
LT2L 
" 
"') 


'NO 
,~ 
" 
~ 
OR 
· 
XOR 
" 
~ 
CR-3U 
· 


GATE 
.f*- '11 
ARRAY 


~, 
, 


~ 
GT3U 
, 
.1<>- 'lIEQ2L 


~ 
~ 
· 
~ 


B12 
~ 
EI 
II 
I-ill 
'7 
.NO 
m 
II' 
'-<>om 


B13 
::;: 
OR 
.. 
ill 
B14 
::;: 
XOR 
GATE .. 
ill 
B15 
;:; 
ARRAY 
..• 
EI 
CR-3L 
II 
E: 
EQ3U 
, 
m 
II 
I- m 
g- 
ll! 
'-<l> l!J r~: 


ill, 
_LT3L 


i>+'- 
!!. 
~) 


I 
I 
.ND 
.f*- ill 
~ 
OR 
'l<>- E! 
XOR 
~ 
GATE 
•• 
I<>- m 
~ 
[1 


ARRAY 
;1<>- 
II 
'illEQ3L 
[1 
r-" 


[1 
I- ,~ 


II' 
'-<>0'11 


OUTL 


BTWL 


Between Limits Comparator 


PAL16X4 
BLR 
BETWEEN 
LIMITS 
COMPARATOR/REGISTER 
MMI 
SUNNYVALE, 
CALIFORNIA 
CLK 
LOAD 
CLEAR 
BO 
Bl 
B2 B3 
NC 
/OC2 
GND 
/OCI 
/NE 
/EQ 
A3 
A2 
Al 
AO 
/LT 
/GT 
VCC 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/COLI 
07/12/81 


IF(OC2) 
LT 
(A3*/B3) 
;B3=L, 
A3=H 
+ 
(A3: *:B3) 
* 
(A2*/B2) 
;B2=L, 
A2=H 
+ 
(A3:*:B3) 
* 
(A2:*:B2) 
* 
(Al*/Bl) 
;Bl=L, 
Al=H 
+ 
(A3:*:B3) 
* 
(A2:*:B2) 
* 
(Al:*:Bl) 
* 
(AD*/BO) 
;BO=L, 
AO=H 


:::F(OC2) GT 
(/A3*B3) 
;B3=H, 
A3=L 
+ 
(A3:*:B3) 
* 
(/A2*B2) 
;B2=H, 
A2=L 
+ 
(A3:*:B3) 
* 
(A2: * :B2) 
* 
(/Al*Bl) 
;Bl=H, 
Al=L 
+ 
(A3:*:B3) 
* 
(A2:*:B2) 
* 
(Al:*:Bl) 
* 
(/AD*BO) 
;BO=H, 
AO=L 


IF (OC2) 
EQ 
(A3:*:B3) 
* 
(A2:*:B2) 
* 
(Al:*:Bl) 
* 
(AO:*:BO) 
;COMPARE 
EQUAL 


IF(OC2) 
NE 
(A3:+:B3) 
+ 
(A2:+:B2) 
+ 
(Al:+:Bl) 
+ 
(AO:+:BO) 
;COMPARE 
NOT 
EQUAL 


/A3 
:= 
(/A3)*/LOAD 
;HOLD 
REG 
A3 
+ 
(/B3) * LOAD 
;LOAD 
REG 
A3 
+ 
CLEAR 
;CLEAR 
REG 
A3 


/A2 
:= 
(/A2) */LOAD 
;HOLD 
REG 
A2 
+ 
(/B2) * LOAD 
;LOAD 
REG 
A2 
+ 
CLEAR 
;CLEAR 
REG 
A2 


/Al 
:= 
(/Al) */LOAD 
;HOLD 
REG 
Al 
+ 
(/Bl) * LOAD 
;LOAD 
REG 
Al 
+ 
CLEAR 
;CLEAR 
REG 
Al 


/AD 
:= 
(/AD) */LOAD 
;HOLD 
REG 
AD 
+ 
(/BO) * LOAD 
;LOAD 
REG 
AD 
+ 
CLEAR 
;CLEAR 
REG 
AD 


2 
CLEAR 
LOAD 
CLK 


\..LI\ 
/I..J\..J. 
/I..J\..' 
.uVl"UJ 
\,;.Lt.!:,nn. 
U,J 
~ 
••• 
£:0. •••••..•. 
-. 
•..•. 
_ -- 
-x; 
.. - -- 


:CONTROL 
BUS 
REG 


IOC 
OPERATIONS 
BBBB 
AAAA 
--STATUS--- 
COMMENTS 


:CLK 
1 2 
LOAD 
CLEAR 
3210 
3210 
LT EQ NE 
GT 
(HEX VALUES) 


-------------------------------------------------------------------------- 
C 
L X 
X 
H 
XXXX 
LLLL 
X 
X 
X 
X 
CLEAR 
REG 


C 
L X 
H 
L 
LLLL 
LLLL 
X 
X 
X 
X 
LOAD 
REG 
(0) 


X 
L L 
L 
L 
LLLL 
LLLL 
L 
H 
L 
L 
COMPARE 
(0 EQ 
0) 


X 
L L 
L 
L 
LLLH 
LLLL 
L 
L 
H 
H 
COMPARE 
(1 GT 
0) 


X 
L X 
L 
L 
XXXX 
LLLL 
X 
X 
X 
X 
READ 
REG 
(0) 


C 
L X 
X 
H 
XXXX 
LLLL 
X 
X 
X 
X 
CLEAR 
REG 


C 
L X 
H 
L 
LHLH 
LHLH 
X 
X 
X 
X 
LOAD 
REG 
(5) 


X 
L L 
L 
L 
LLLL 
LHLH 
H 
L 
H 
L 
COMPARE 
(0 LT 
5) 


X 
L L 
L 
L 
LHLH 
LHLH 
L 
H 
L 
L 
COMPARE 
(5 EQ 
5) 


X 
L L 
L 
L 
HHHH 
LHLH 
L 
L 
H 
H 
COMPARE 
(F GT 
5) 


X 
L X 
L 
L 
XXX X 
LHLH 
X 
X 
X 
X 
READ 
REG 
(5) 


C 
L X 
X 
H 
XXXX 
LLLL 
X 
X 
X 
X 
CLEAR 
REG 


C 
L X 
H 
L 
HLHL 
HLHL 
X 
X 
X 
X 
LOAD 
REG 
(A) 


X 
L L 
L 
L 
LHLL 
HLHL 
H 
L 
H 
L 
COMPARE 
(4 LT A) 


X 
L L 
L 
L 
HLHL 
HLHL 
L 
H 
L 
L 
COMPARE 
(A EQ A) 


X 
L L 
L 
L 
HLHH 
HLHL 
L 
L 
H 
H 
COMPARE 
(B GT A) 


X 
L X 
L 
L 
XXXX 
HLHL 
X 
X 
X 
X 
READ 
REG 
(A) 


C 
L X 
X 
H 
XXXX 
LLLL 
X 
X 
X 
X 
CLEAR 
REG 


C 
L X 
H 
L 
HHHH 
HHHH 
X 
X 
X 
X 
LOAD 
REG 
(F) 


X 
L L 
L 
L 
HHHL 
HHHH 
H 
L 
H 
L 
COMPARE 
(E LT F) 


X 
L L 
L 
L 
HHHH 
HHHH 
L 
H 
L 
L 
COMPARE 
(F EQ F) 


X 
L X 
L 
L 
XXX X 
HHHH 
X 
X 
X 
X 
READ 
REG 
(F) 


C 
L X 
L 
L 
XXX X 
HHHH 
X 
X 
X 
X 
HOLD 
(F) 


X 
H X 
X 
X 
XXXX 
ZZZZ 
X 
X 
X 
X 
TEST 
HI-Z 
(jOC1=H) 
X 
X H 
X 
X 
XXXX 
XXXX 
Z 
Z 
Z 
Z 
TEST 
HI-Z 
(jOC2=H) 
-------------------------------------------------------------------------- 


DESCRIPTION 


THE 
DEVICE 
CONTINUOUSLY 
COMPARES 
THE 
VALUE 
OF BUS 
(B3-BO) WITH 
THE 
VALUE 
OF 
THE 
REGISTER 
(A3-AO) 
AND 
REPORTS 
THE 
STATUS 
ON OUTPUTS 
LT, 
EQ, 
NE, 
AND 
GT: 


* LT 
INDICATES 
THAT 
B IS 
LESS 
THAN 
A 


* EQ 
INDICATES 
THAT 
B 
IS 
EQUAL 
TO A 


* NE 
INDICATES 
THAT 
B 
IS NOT 
EQUAL 
TO A 


* GT 
INDICATES 
THAT 
B 
IS GREATER 
THAN 
A 


STATUS 
BUS 
REG 


lOCI 
IOC2 
CLK 
LOAD 
CLEAR 
LT 
EQ NE GT 
B3-BO 
A3-AO 
OPERATION 


----------------------------------------------------------------------- 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Z 
REG 
HI-Z 


X 
H 
X 
X 
X 
Z 
Z 
Z 
Z 
X 
X 
STATUS 
HI-Z 


L 
X 
X 
L 
L 
X 
X 
X 
X 
X 
A 
READ 
REG 


X 
X 
C 
H 
L 
X 
X 
X 
X 
B 
B 
LOAD 
REG 


X 
X 
C 
L 
L 
X 
X 
X 
X 
X 
A 
HOLD 


X 
X 
C 
X 
H 
X 
X 
X 
X 
X 
L 
CLEAR 
REG 


X 
L 
X 
L 
L 
STATUS 
B 
A 
COMPARE 


----------------------------------------------------------------------- 


1 CX1XXXXXXXOXXLLLLXX1 
2 C100000XXXOXXLLLLXX1 
3 XOOOOOOXOXOHLLLLLHH1 
4 X001000XOXOLHLLLLHL1 
5 XOOXXXXXXXOXXLLLLXX1 
6 CX1XXXXXXXOXXLLLLXX1 
7 C101010XXXOXXLHLHXX1 
8 XOOOOOOXOXOLHLHLHLH1 
9 X001010XOXOHLLHLHHH1 
10 X001111XOXOLHLHLHHL1 
11 XOOXXXXXXXOXXLHLHXX1 
12 CX1XXXXXXXOXXLLLLXX1 
13 C100101XXXOXXHLHLXX1 
14 X000010XOXOLHHLHLLH1 
15 X000101XOXOHLHLHLHH1 
16 X001101XOXOLHHLHLHL1 
17 XOOXXXXXXXOXXHLHLXX1 
18 CX1XXXXXXXOXXLLLLXX1 
19 C101111XXXOXXHHHHXX1 
20 X000111XOXOLHHHHHLH1 
21 X001111XOXOHLHHHHHH1 
22 XOOXXXXXXXOXXHHHHXX1 
23 COOXXXXXXXOXXHHHHXX1 
24 XXXXXXXXXX1XXZZZZXX1 
25 XXXXXXXX1XXZZXXXXZZ1 


Between Limits Comparator 


BETWEEN LIMITS 
COMPARATOR/REGISTER 


11 
1111 
1111 
2222 
2222 
2233 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


0 
-x-- OC2 


1 
xxx- 
/A3*B3 


2 
xxx- x--x 
A3:*:B3*/A2*B2 


3 
xxx- x--x x--x 
A3:*:B3*A2:*:B2*/Al*Bl 


4 
xxx- x--x x--x x--x 
A3:*:B3*A2:*:B2*Al:*:Bl*/AO*BO 


8 
-x-- OC2 


9 
-xxx 
A3*/B3 


10 
-xxx x--x 
A3:*:B3*A2*/B2 


11 
-xxx x--x x--x 
A3:*:B3*A2:*:B2*Al*/Bl 


12 
-xxx x--x x--x x--x 
A3:*:B3*A2:*:B2*Al:*:Bl*AO*/BO 


16 -x-- 
xx-- 
/AO*/LOAD 


17 x--- 
-x-x 
/BO*LOAD 


18 
x--- 
CLEAR 


24 -x-- 
xx-- 
/Al*/LOAD 


25 x--- 
-x-x 
/Bl*LOAD 


26 
x--- 
CLEAR 


32 -x-- 
xx-- 
/A2*/LOAD 


33 x--- 
-x-x 
/B2*LOAD 


34 
x--- 
CLEAR 


40 -x-- 
xx-- 
/A3*/LOAD 


41 x--- 
-x-x 
/B3*LOAD 


42 
x--- 
CLEAR 


48 
-x-- OC2 


49 
x--x x--x x--x x--x 
A3:*:B3*A2:*:B2*Al:*:Bl*AO:*:BO 


56 
-x-- OC2 


57 
-xx- 
A3:+:B3 


58 
-xx- 
A2:+:B2 


59 
-xx- 
Al:+:Bl 


60 
-xx- 
AO:+:BO 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,I) 


NUMBER 
OF 
FUSES 
BLOWN 
832 


Between Limits Comparator 


I "- 
V 


1112 
J 
4561 
B 
91011 
12131415 
16111819 
20212223 
24252621 
28293031 


0 


~ 


1 
1 
3 
" 
.,, 


2 
••• 
) 


•. 
•, 


~ 


10 
11 
18 


17 
IJ 
" 


3 
~ 
" 
•. 
" 


...• 


11 
~D- - 
~" 
" 
19 


20 
r-D 
a 
v-r 


21 
22 
~~l 
, 
23 


t 
..••.... " 
- 


" 
)D- 


" 


~ 


17 
4 


18 
" 
30 
31 
, 
t 
L - 
J1 
" 


~D- 


" 


~" 
" 


~ 


J6 
J) 
,...-- 


3B 
" 


6 
1 
ttt 


""-" 
.. 


~D-fi 


"" 


~ 
".. 
" 
"" 
,...-- 


" 


, 
t 
.. 


~ 


.. 
so 
" 


13 
"" 
J 
" 
8 
•.. 
" 
~ 


" 


~~ 


""" 
12 


60 


J 


"" 
• 
•.. 
6l 
~ 
.A. 
11 


•.. 
...• 
~ 


MMI SUNNYVALE, 
CALIFORNIA 
/EQ1U /LT1L /EQ1L /GT2U /EQ2U /LT2L /EQ2L /GT3U /EQ3U GND 
/LT3L /EQ3L 
NC 
NC 
BTWL 
OUTL /GTOU /LTOL /GT1U VCC 


OUTL 
GT3U 
1GT CR-3U 
+ 
EQ3U * GT2U 
1EQ CR-3U, GT CR-2U 
+ 
EQ3U * EQ2U * GT1U 
1EQ CR-3U, 
EQ CR-2U, GT CR-1U 
+ 
EQ3U * EQ2U * EQlU * GTOU 
1EQ CR-3U, 
EQ CR-2U, 
EQ CR-1U, 
GT CR-OU 
+ 
LT3L 
1LT CR-3L 
+ 
EQ3L * LT2L 
1EQ CR-3L, 
LT CR-2L 
+ 
EQ3L * EQ2L * LT1L 
1EQ CR-3L, 
EQ CR-2L, 
LT CR-1L 
+ 
EQ3L * EQ2L * EQ1L * LTOL 
1EQ CR-3L, 
EQ CR-2L, 
EQ CR-lL, 
LT CR-OL 


FUNCTION 
TABLE 


GT3U EQ3U EQ3L LT3L GT2U EQ2U EQ2L LT2L GT1U EQ1U EQ1L LT1L GTOU LTOL OUTL BTWL 


1 COMPARATOR 
REGISTERS 
1CR-3 
CR-2 
CR-l 
CR-O 
1GEEL 
GEEL 
GEEL 
G 
L 
1TQQT 
TQQT 
TQQT 
T 
T 
OUTPUTS 
1UULL 
UULL 
UULL 
U 
L 
OUTL 
BTWL 
COMMENTS 
----------------------------------------------------------------- 
HLLL 
XXXX 
XXXX 
X 
X 
H 
L 
OUT OF LIMITS 
(GT3U=H) 
LHLL 
HLLL 
XXXX 
X 
X 
H 
L 
OUT OF LIMITS 
(GT2U=H) 
LHLL 
LHLL 
HLLL 
X 
X 
H 
L 
OUT OF LIMITS 
(GT1U=H) 
LHLL 
LHLL 
LHLL 
H 
L 
H 
L 
OUT OF LIMITS 
(GTOU=H) 
LHLL 
LHLL 
LHLL 
L 
H 
L 
H 
BETWEEN 
LIMITS 
LHLL 
LHLL 
LLHL 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LHLL 
LHLL 
LLLH 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LHLL 
LLHL 
XXXX 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LHLL 
LLLH 
XXXX 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LLHL 
HLLL 
XXXX 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LLHL 
LHLL 
XXXX 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LLHL 
LLHL 
HLLL 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LLHL 
LLHL 
LHLL 
X 
X 
L 
H 
BETWEEN 
LIMITS 
LLHL 
LLHL 
LLHL 
H 
L 
L 
H 
BETWEEN 
LIMITS 
LLHL 
LLHL 
LLHL 
L 
H 
H 
L 
OUT OF LIMITS 
(LTOL=H) 
LLHL 
LLHL 
LLLH 
X 
X 
H 
L 
OUT OF LIMITS 
(LT1L=H) 
LLHL 
LLLH 
XXXX 
X 
X 
H 
L 
OUT OF LIMITS 
(LT2L=H) 
LLLH 
XXXX 
XXXX 
X 
X 
H 
L 
OUT OF LIMITS 
(LT3L=H) 
----------------------------------------------------------------- 


THE BETWEEN 
LIMITS LOGIC CHECKS 
THE LT, EQ, AND GT STATUS FROM THE 
COMPARATOR 
REGISTERS 
TO DETERMINE 
IF THE DATA IS BETWEEN 
THE UPPER 
AND LOWER LIMITS LOADED 
IN THE COMPARATOR 
REGISTERS. 
BOTH BETWEEN 
LIMITS 
(BTWL) AND OUT OF LIMITS 
(OUTL) OUTPUTS 
ARE PROVIDED. 


Between Limits Comparator 


1 XXXXXXX01XllXXLBXXX1 
2 XXX011110X11XXLBXXX1 
3 111101110X11XXLHXX01 
4 011101110X11XXLH0111 
5 011101110X11XXHL1011 
6 110101110XIIXXHLXXll 
7 101101110XIIXXHLXXll 
8 XXXIII0I0X11XXBLXXXI 
9 XXXII0II0XIIXXHLXXXI 
10 XXXOIIIIIX10XXHLXXXI 
11 XXXI01111X10XXHLXXX1 
12 111111011XI0XXHLXX01 
13 011111011XI0XXHLXXll 
14 110111011XI0XXHL0111 
15 110111011XI0XXLHI011 
16 101111011XI0XXLHXXll 
17 XXXII0111XI0XXLHXXXI 
18 XXXXXXX11XOIXXLHXXX1 


Between Limits Comparator 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


24 
25 
26 
27 
28 
29 
30 -x-- 
31 ---- 


---- ---- 
---- -x-- ---- GT3U 
---- -x-- 
---- ---- -x-- EQ3U*GT2U 
---x ---- -x-- 
---- ---- -x-- EQ3U*EQ2U*GT1U 
---x ---- ---- -x-x ---- ---- ---- -x-- EQ3U*EQ2U*EQ1U*GTOU 
---- ---- ---- ---- ---- ---x LT3L 
---- ---- -x-- 
---x ---- EQ3L*LT2L 
---- ---- 
-x-- ---x ---- EQ3L*EQ2L*LT1L 
-x-- ---x ---- ---- -x-- ---x ---- EQ3L*EQ2L*EQ1L*LTOL 


1 
~ 
... 


2 
~ 
19 
... 
"'" 


3 
.. 
...• 
18 
~ 
•. 
""" 


• 
~ 
...• 
17 
~ 
•. 


"'" 


14 
25 
"""" 
JO 
J1 
16 


5 
.. 
J 
... 
15 


J2 
J) 
J4 
JS 
" 
J1 
JI 
30 


6 
... 
...• 
,. 
... 
~ 


7 
~ 
...• 
13 
.. 


"'" 


8 
... 
... 
12 
.. 
..• 


9 
•.. 
...• 
11 
.. 
..• 


OUTLD 
BTWL 


Memory Mapped Printer 


PAL16H2 


VCC 


WR 


RD 


RAS 


All 
READ 


WRITE 


A9 
A2 
DI 
A3 


A7 
AS 


GND 


PAL20X8 


VCC 


07 


PD7 


PD6 


PDS 


PD4 


PD3 


PD2 


POl 


BUSY 
PDa 


06 


GND 
EN 


+5 


20K 


200 
74LS123 


pI 


Q 


P 
S 
B 
P 
R 
T 
U 
A 
I 
R 
S 
P 
N 
0 
Y 
E 
T 
B 
R 
E 


r---= TRS-80 
EXPANSION 
CONN. 


• 
.- 
SYSTEM 
OATA 
BUS 


jffi 


TRS-80 
EXPANSION 
CONN. 
20 24 28 18 
26 
32 22 30 
SYSTEM 
BUS 
07060504 
03020100 


j j 
j 


74S367 
74LS175 
74LS175 


CK 
CK 


TRS-80 
EXPANSION 
CONN. 


Y 


TRS-SO EXPANSION 
CONN. 
20 24 28 18 
26 32 22 30 
SYSTEM 
OATA 
BUS 
SYSTEM 
OATA 
BUS 
07 D605 
D4 03 020100 


20 
18 


1 


2 
+5 
REAO 
I 


3 
16 
I 
4 


5 
8 
24 
2314 
2 
3 
4 
5 
6 
7 


6 
PAL 
7 
16H2 
PAL.20X8 


8 


9 
1 
9 12 13 10 11 22 21 20 19 18 17 16 15 


11 
15 WRITE 
If 
12 
+5 
I 
13 
( 


14 
R 
17 


19 
- 
10 
74LS123 


~ 


C 
- 


+ 
S 
B 
P 0706050403020100 


R = 20K 
T 
U 
A 
C = 200pf 
R 
S 
P 
0 
Y 
E 
PRINTER 


B 
R 
(37E8 
HEX) 


E 


15 
RO 


7 
A15 


10 
A14 


6 
A13 


5 
A12 


9 
All 


4 
Al0 


17 
A9 


11 
A8 


36 
A7 


38 
A6 


35 
AS 


34 
A3 


40 
A2 


1 
RAS 


13 
WR 


PAL16H2 
PAL DESIGN 
SPECIFICATION 


MMPD 
DICK JONES 
07/07/S1 


MEMORYMAPPED PRINTER 
DECODER 


MMI FIELD 
APPLICATIONS 
ENGINEER LOMBARD, ILLINOIS 


A15 
A14 
A13 A12 All 
A10 A9 AS A7 GND 


A6 AS A3 A2 WRITE READ /RAS 
/RD 
/WR VCC 


1AAAA AAAA AAA AA RRW 
11111 
1198 
765 
32 ADR 


15432 
10 
S 


LLHH LHHH HHH HL HLH 
LLHH LHHH HHH HL HHL 
XXXX XXXX XXX XX LXX 
XXXX XXXX XXX XX HLL 


WRITE WHEN 37ES 
HEX 
READ WHEN 37ES 
HEX 
RAS NOT PRESENT 
NOT READ OR WRITE 


THIS 
IS 
A MEMORYDECODER FOR A PRINTER. 
THE PRINTER 


IS 
MAPPED TO HEX ADDRESS 37ES. 
THE WRITE OR READ LINES 


GO HIGH WHEN ADDRESS LINES 
ARE CORRECT AND A WRITE OR 


READ STROBE RESPECTIVELY 
IS 
PRESENT. 


THIS 
IS 
THE FIRST 
IC OF A 2-PAL 
PRINTER 
INTERFACE FOR 


THE STANDARD CENTRONICS-TYPE 
PRINTER. 


1 001101111X1110HL0101 
2 001101111X1110LH0011 
3 XXXXXXXXXXXXXXLL1XX1 
4 XXXXXXXXXXXXXXLL0111 


Memory Mapped Printer 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


Memory Mapped Printer 


1 
I 
'lo 
•.. 


1 
" 
, 
•.. 
""I 


] 
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~ 
18 
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, 
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~ 
17 
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'" 
21 
16 
18 
J 
19 


30 
" 
5 
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J1 
II 


J4 
'" 
l\ 
IS 


16 
J 


31 
lB 
19 


6 
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~ 


" 
•.. 
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7 
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lJ 
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, 
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~ 
" 
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9 
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PAL DESIGN SPEX::IFICATION 
DICK JONES 
07/07/81 


PAL20X8 
PDRM 
PRINTER 
DATA REGISTER/MUX 


MMI FIELD 
APPLICATIONS 
ENGINEER LOMBARD, ILLINOIS 


WRITE DS D4 D3 D2 D1 DO READ NC BUSY PAPER GND 
/EN 
D6 PDO PD1 PD2 PD3 PD4 PDS PD6 PD7 D7 VCC 


IF 
(RFAD) 
/D7 
- 
/BUSY 


/PD7 
:= /D7 


/PD6 
:'"' /D6 


/PDS 
:- /DS 


/PD4 
:- /D4 


/PD3 
:= /D3 


/PD2 
:= /D2 


/PD1 
:= /D1 


/PDO :- /DO 


IF 
(READ) /D6 
- 
/PAPER 


FUNCTION TABLE 


WRITE BUSY PAPER READ D7 


;WBPR DDDDDDDDPPPPPPPP 
;RUAE 76543210 
DDDDDDDD 


;ISPA 
76543210 


;TYED 
;E 
R 


LHLH HLXXXXXXXXXXXXXX 
LLHH LHXXXXXXXXXXXXXX 
CXXL ZZXXXXXXXXXXXXXX 
CXXL LLLLLLLL LLLLLLLL 
CXXL HLHLHLHL HLHLHLHL 
CXXL HHBHHHHHHHHBHHHH 


READ PRNTR STATUS 
READ PRNTR STATUS 
TEST HI-Z 
LOAD DATA TO PRINTER 
LOAD DATA TO PRINTER 
LOAD DATA TO PRINTER 


REGISTERED 
DATA 
FROM THE 
SYSTEM 
BUSS 
IS 
PRESENTED 
TO 
THE 
PRINTER 
WHEN A WRITE 
STROBE 
FROM THE 
DECODER 
IS 
PRESENT 
(DJPR1). 


PRINTER 
STATUS 
DATA 
(PRINTER 
BUSY 
AND OUT 
OF 
PAPER) 
IS 
TRANSFERED 


TO 
THE 
SYSTEM 
DATA 
BUSS 
WHEN A READ 
STROBE 
FROM 
THE 
DECODER 
IS 
PRESENT. 


THIS 
IS 
THE 
SECOND 
IC 
OF 
THE 
2-PAL 
PRINTER 
INTERFACE 
FOR 
THE 


STANDARD 
CENTRONICS-TYPE 
PRINTER. 


1 
OXXXXXXIXIOXXLXXXXXXXXHl 


2 
OXXXXXXIXOIXXHXXXXXXXXLl 


3 
CXXXXXXOXXXXXZXXXXXXXXZl 


4 
COOOOOOOXXXXXOLLLLLLLLOl 


5 
CIOIOIOOXXXXXOLHLHLHLHll 


6 
CIIIIIIOXXXXXIHHHHHHHHll 


Memory Mapped Printer 


PRINTER DATA REGISTER/MUX 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


0 
X--- 
READ 


1 
-x-- 
/BUSY 


8 --x 
---- 
/07 


16 
---x /06 


24 -x-- 
/05 


32 
-x-- 
/04 


40 
-x- 
/03 


48 
-x- 
/02 


56 
-x-- 
/D1 


64 
-x-- 
/DO 


72 
x--- 
READ 


73 
-x-- /PAPER 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,l) 


NUMBER OF FUSES BLOW = 
468 


Memory Mapped Printer 


1 
J-". 
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Craps Game 


VCC 


WIN 


LOSE 


A 


B 


C 


NC 


NCA 


NC 


PAL16R6 
PAL16L8 
PAL16R4 


SWCLK 
vcc 
VCC 
vcc 


S 
ROLL 
is 
2" 


R 
Co 
4S 
'7 


NC 
Qi 
2S 
P8S 


NC 
02 
15 
P4S 


NC 
03 
NC4S 
P2S 


NC 
Q4 
NC2S 
P1S 


T 
OS 
11 


CK 
SWCK 
NC 
T 
NC 


GND 
GND 
GND 


Craps Game 


This application 
note describes 
the use of PALs to simulate 
the 
dice game "Craps". 
The design 
requirements 
were derived 
from 
the basic rules of the game which 
are listed 
below. 


1. The player 
throws 
two dice. The number 
will 
be between 
2 


and 12. 


2. He wins 
if the number 
is 7 or 11. He loses if the number 
is 2, 


which 
is called 
"snake 
eyes". 


3. Any number 
other 
than 2, 7, or 11 is the player's 
point. 


4. Player continues 
to roll if a point 
is indicated 
on the first roll. 


5. The player 
loses if he throws 
7 or 11 on a subsequent 
roll. 


6. The player 
wins 
if he throws 
a point 
on a subsequent 
roll. 


7. The player 
continues 
to roll until a win or a loss is indicated. 


ICl 
8-State 
Machine 
and Win-Lose 
Decoder 


IC2 36-State 
Machine 
IC3 Dice Decoder 
IC4 Store Point and /2, /7, and /11 Decode 


Not included 
in this application 
note are three 
more ICs. These 
are a 74LS85 
(Magnitude 
Comparitor), 
used 
to compare 
the 
stored 
point 
to the roll of the dice on second 
and subsequent 
rolls, and two Binary-to-Seven 
Segment 
Decoders, 
used to drive 
the LED displays. 


Craps Game 


PAL16R4 
ICl 
8-STATE MACHINE AND WIN-LOSE 
DECODER 


MMI FIELD APPLICATIONS 
ENGINEER DALLAS, TEXAS 


CLK /ROLL /2 /7 /11 CP NC NC /T GND 
/OC NC /NCA NC /C /B /A /LOSE /WIN VCC 


IF (VCC) NCA 
A* B*/C*/ROLL 


+ 
A*/B* C*/ROLL 


+ /A* B* C*/ROLL 


A := /A* B*/C*/ROLL* 
7 
+ /A* B*/C*/ROLL 
* 11 


+ /A* B*/C*/ROLL 
+ 
A*/B*/C*/ROLL*/7*/11 


+ 
A*/B*/C*/ROLL* 
7 


+ 
A*/B*/C*/ROLL 
* 11 


+ 
A*/B*/C*/ROLL 


+ 
NCA 
*/ROLL 


* T 
* T 
* 
2 
* T 
*/CP* T 
* T 
* T 


* CP* T 
* T 


PAL DESIGN SPECIFICATION 


BRAD MITCHELL 
04/07/81 


:STATE DECODES DERIVED 
:FROM THE KARNAUGH MAP 
:NCA IS ADDITIONAL 
DECODE FOR A 


;STATE DECODES DERIVED 
;FROM THE KARNAUGH MAP 


:PICK ADDITIONAL 
DECODE LOGIC 


:FROM NCA 


B 
:= /A*/B* C*/ROLL 
* T 
:STATE DECODES DERIVED 


+ /A* B*/C*/ROLL* 
7 
* T 
:FROM THE KARNAUGH MAP 


+ /A* B*/C*/ROLL 
* 11 
* T 


+ /A* B*/C 
*/7*/11*/2 
* T 


+ 
A*/B*/C* 
ROLL*/7*/11 
*/Cp* T 


+ 
A*/B*/C*/ROLL 
* CP* T 


+ 
A* B 
*/ROLL 
* T 


+ 
B* C* ROLL 
* T 


C := /A* B*/C*/ROLL 
* 2 
* T 


+ /A* B*/C* ROLL*/7*/11*/2 
* T 


+ 
A*/B*/C*/ROLL* 
7 
* T 


+ 
A*/B*/C*/ROLL 
* 11 
* T 


+ /A*/B 
* ROLL 
* T 


+ 
A 
* C*/ROLL 
* T 


+ /A* B* C* ROLL 
* T 


;-INPUTS- 


;CR712CNT 
;LO 1 PC 
;KL 
A 


; L 


-OUTPUTS- 
ABC 
LW 
o I 
S N 
E 


CHXXXXXL 
CHXLXXLH 


CHXXXXLB 
CLXXXXLH 
CLHLXXBH 
CLXXXXHB 
CHXXXXLH 
CHXXXXLH 
CLXXXXLH 
CLXXHXHB 
CLXXXXHB 
CHXXXXLB 
CHXXXXLB 
CLXXXXLB 
CLLLLXLH 
CBLLLXLB 
CHXXXXLB 
LLXXXXHB 
CLXXXXLH 
CLLLXHHB 
CBXXXXLH 
CHXXXXLB 
CLXXXXLH 
CHLLLXLH 
LLXXXXHB 
CLXXXXLH 
CLHHXXHB 


LLL 
L L 
LLH 
L L 


LLH 
L 
L 
LBL 
LL 
HBL 
LH 
HBL 
LH 
LLL 
L 
L 
LLH 
L 
L 


LHL 
L 
L 
HLH 
H L 
HLB 
H L 
LLL 
L 
L 
LLH 
LL 
LBL 
LL 


LHL 
L 
L 
LHB 
LL 
LHB 
LL 


XXX 
LL 
HLL 
L 
L 
HBL 
LH 
LLL 
L 
L 
LLH 
L 
L 
LHL 
L 
L 
LHB 
LL 
XXX 
L L 
HLL 
LL 
HLH 
H L 


WIN 
BECAUSE 
A 7 
WAS ROLLED 
HOLD WIN 
WHEN NOT 
ROLLING 
RESTART 
GAME 


LOSE 
BECAUSE 
OF 
2 
ON FIRST 
ROLL 
HOLD 
LOSE 
WHEN NOT 
ROLLING 
RESTART 
GAME 


WIN 
BECAUSE 
POINT 
WAS MATCHED 
RESTART 
GAME 


THIS 
PAL 
SERVES 
AS 
THE 
MAIN 
LOGIC 
UNIT. 
IT 
IS 
THE 
8 
STATE 
MACHINE 
WHICH 
CONTROLS 
WHERE WE ARE 
IN 
THE 
GAME. 
IT 
ALSO 
DETECTS 
THE 
WIN 
AND LOSE 
STATES. 


PIN 
IT 
IS 
USED 
TO 
INITIATE 
THE 
GAME TO 
STATE 
000 
FOR 
I.C. 
TEST 
EQUIPMENT. 


1 
COXXXXXX1XXXXXHHHHH1 
2 
COXX1XXXOXXXXHLHBHH1 
3 
COXXXXXXOXXXXHLHHBHl 
4 
C1XXXXXXOXXXXHHLHHHl 
5 
C1X01XXXOXXXXLHLLHL1 
6 
C1XXXXXXOXXXXLHLLHL1 
7 
COXXXXXXOXXXXHHHHHHl 
8 
COXXXXXXOXXXXHLHHHH1 
9 
C1XXXXXXOXXXX~HBHl 
10 
C10XXXXXOXXXXLLHLLHl 
11 
C1XXXXXXOXXXXLLHLLHl 


12 
COXXXXXXOXXXXHHHHBHl 
13 
COXXXXXXOXXXXHLHHBHl 
14 
C1XXXXXXOXXXXHHLHHHl 


15 
C1111XXXOXXXXHHLHHHl 
16 
C0111XXXOXXXXHLLHBHl 
17 
COXXXXXXOXXXXHLLHBHl 
18 
01XXXXXXOXXXXLXXXHHl 
19 
C1XXXXXXOXXXXHHHLHHl 
20 
C1X111XXOXXXXI.HI.I.HI.l 
21 
COXXXXXXOXXXXHHHHHHl 
22 
COXXXXXXOXXXXHISHHHl 
23 
C1XXXXXXOXXXXHHLHBHl 
24 
C0111XXXOXXXXHLLHBHl 
25 
01XXXXXXOXXXXLXXXHHl 
26 
C1XXXXXXOXXXXHHHLHH1 
27 
C1XOOXXXOXXXXI.I.HI.I.Hl 


Craps Game 


Craps Game 


8-STATE 
MACHINE 
AND WIN-LOSE 
DECODER 


11 
1111 
1111 
2222 
2222 
2233 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


0 
1 
---x ---x --x- 
A*B*/C 


8 
9 
---x --x- ---x 
A*/B*C 


16 x--- 
-xx- ---x --x- 
-x-- /A*B*/C*/ROLL*7*T 


17 x--- 
--x- -x-x --x- 
-x-- /A*B*/C*/ROLL*ll*T 


18 x--- -x-- --x- ---x --x- 
-x-- /A*B*/C*/ROLL*2*T 


19 x--- 
x--x x-x- -xx- 
-x-- A*/B*/C*/ROLL*/7*/11*/CP*T 


20 x--- 
-x-x --x- --x- 
-x-- A*/B*/C*/ROLL*7*T 


21 x--- 
---x -xx- --x- 
-x-- A*/B*/C*/ROLL*ll*T 


22 x--- 
---x --x- x-x- 
-x-- A*/B*/C*/ROLL*CP*T 


23 x--- 
---x -x-- NCA*/ROLL*T 


24 x--- 
--x- --x- ---x 
-x-- /A*/B*C*/ROLL*T 


25 x--- 
-xx- ---x --x- 
-x-- /A*B*/C*/ROLL*7*T 


26 x--- 
--x- -x-x --x- 
-x-- /A*B*/C*/ROLL*ll*T 


27 
x--- x-x- x--x --x- 
-x-- /A*B*/C*/7*/11*/2*T 


28 -x-- 
x--x x-x- -xx- 
-x-- A*/B*/C*ROLL*/7*/11*/CP*T 


29 x--- 
---x --x- x-x- 
-x-- A*/B*/C*/ROLL*CP*T 


30 x--- 
---x ---x 
-x-- A*B*/ROLL*T 


31 -x-- 
---x ---x 
-x-- B*C*ROLL*T 


32 x--- -x-- --x- ---x --x- 
-x-- /A*B*/C*/ROLL*2*T 


33 -x-- x--- x-x- x--x --x- 
-x-- /A*B*/C*ROLL*/7*/11*/2*T 


34 x--- 
-x-x --x- --x- 
-x-- A*/B*/C*/ROLL*7*T 


35 x--- 
---x -xx- --x- 
-x-- A*/B*/C*/ROLL*ll*T 


36 -x-- 
--x- --x- 
-x-- /A*/B*ROLL*T 


37 x--- 
---x 
---x 
-x-- A*C*/ROLL*T 


38 -x-- 
--x- ---x ---x 
-x-- /A*B*C*ROLL*T 


48 
49 x--- 
---x ---x --x- 
A*B*/C*/ROLL 


50 x--- 
---x --x- ---x 
A*/B*C*/ROLL 


51 x--- 
--x- ---x ---x 
/A*B*C*/ROLL 


1 
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Craps Game 


PAL16R6 
IC2 
36 STATE MACHINE 
MMI FIELD APLlCATIONS 
ENGINEER 
DALLAS, TEXAS 


/SWCLK S R NC NC NC NC /T CK GND 
/oe /SWCK /Q5 /Q4 /Q3 /Q2 /Q1 /QO /ROLL VCC 


PAL DESIGN SPECIFICATION 


BRAD MITCHELL 
07/24/81 


IF(VCC} ROLL - /S 


+ 
R* ROLL 
~R-S FLIP FLOP USED AS A 
~DEBOUNCE 
SWITCF 


QO 
:= /QO 
+ /QO 


*/Q2*/Q3*/Q4 
*T 
~DECODE DERIVED 
FROM KARNAUGH 
MAP 


*/Q5*T 


Q1 
::a /QO* Q1*/Q2*/Q3*/Q4 
*T 


+ 
QO*/Q1*/Q2*/Q3*/Q4 
*T 


+ /QO* Q1 
*/Q5*T 


+ 
QO*/Q1 
*/Q5*T 


Q2 :- 
QO* Q1*/Q2 
*/Q5*T 


+ 
/Q1* Q2 
*/Q5*T 


+ /QO 
* Q2 
*/Q5*T 


Q3 := 
QO* Q1* Q2*/Q3 
*/Q5*T 


+ 
/Q2* Q3 
*/Q5*T 


+ /QO 
* Q3 
*/Q5*T 


+ 
/Q1 
* Q3 
*/Q5*T 


Q4 
:,. QO* Q1* 
+ 
+ 
/Ql 


+ 
+ /QO 


Q2* Q3*/Q4*/Q5*T 
/Q3* Q4*/Q5*T 
* Q4*/Q5*T 


/Q2 
* Q4*/Q5*T 
* Q4*/Q5*T 


Q5 ••• QO* Q1* Q2* Q3* Q4*/Q5*T 


+ 
/Q1*/Q2*/Q3*/Q4* 
Q5 


+ /QO* Ql*/Q2*/Q3*/Q4* 
Q5 


-INPUTS 
;S S R C T 
;W 
K 
;CL 
;K 


C X X X L 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
CXXXH 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
C X X X H 
CXXXH 
C X X X H 
C X X X H 
C H L L L 
C L H H L 
C H H L L 
C H H H L 
C H H L L 
C H L H L 
C H H L L 
C H H H L 
C L H L L 
C H H H L 


--OUTPUTS-- 
Q Q Q Q Q Q 
R S 
5 4 3 2 1 0 
0 W 
L C 
L K 


L L L L L L 
X X 
L L L L L H 
X X 
L L L L H L 
X X 


L L L L H H 
X X 
L L L H L L 
X X 


L L L H L H 
X X 
L L L H H L 
X X 
L L L H H H 
X X 
L L H L L L 
X X 
L L H L L H 
X X 
L L H L H L 
X X 
L L H L H H 
X X 
L L H H L L 
X X 


L L H H L H 
X X 


L L H H H L 
X X 


L L H H H H 
X X 


L H L L L L 
X X 


L H L L L H 
X X 


L H L L H L 
X X 


L H L L H H 
X X 


L H L H L L 
X X 


L H L H L H 
X X 


L H L H H L 
X X 


L H L H H H 
X X 


L H H L L L 
X X 


L H H L L H 
X X 


L H H L H L 
X X 


L H H L H H 
X X 
L H H H L L 
X X 


L H H H L H 
X X 


L H H H H L 
X X 


L H H H H H 
X X 


H L L L L L 
X X 


H L L L L H 
X X 


H L L L H L 
X X 
H L L L H H 
X X 


L L L L L L 
X X 


X X X X X X 
L L 


X X X X X X 
H L 


X X X X X X 
H H 


X X X X X X 
H L 


X X X X X X 
H H 


X X X X X X 
L L 


X X X X X X 
L L 


X X X X X X 
L L 


X X X X X X 
H H 


X X X X X X 
H L 


CYCLE THRU THE TOTAL 36 
STATES (STATE 0) 


(STATE 1) 
(STATE 2) 
(STATE 3) 
(STATE 4) 
(STATE 5) 
(STATE 6) 
(STATE 7) 
(STATE 8) 
(STATE 9) 
(STATE 10) 
(STATE 11) 
(STATE 12) 
(STATE 13) 
(STATE 14) 
(STATE 15) 
(STATE 16) 
(STATE 17) 
(STATE 18) 
(STATE 19) 
(STATE 20) 
(STATE 21) 
(STATE 22) 
(STATE 23) 
(STATE 24) 
(STATE 25) 
(STATE 26) 
(STATE 27) 
(STATE 28) 
(STATE 29) 
(STATE 30) 
(STATE 31) 
(STATE 32) 
(STATE 33) 
(STATE 34) 
(STATE 35) 
(STATE 0) 
EXERCISING THE SET-RESET FLIP 
FLOP 
AND THE SWITCHED CLOCK 


THIS 
PAL IS 
A 36 
STATE MACHINE USED TO SIMULATE THE EXACT ROLL OF THE DICE. 
THE STATE MACHINE IS 
SIMILAR 
TO THE "ELECTRONIC 
DICE GAME". 


1 CXXXXXX1XXXXHHHBBHX1 
2 CXXXXXXOXXXXHHHHHLX1 
3 CXXXXXXOXXXXHHHHLHXl 
4 CXXXXXXO XXXXHBHBLLXl 
5 CXXXXXXO XXXXHHHLHHXl 
6 CXXXXXXOXXXXHHHLHLX1 
7 CXXXXXXO XXXXHHHLLHX1 
8 CXXXXXXO XXXXHHHLLLXl 
9 CXXXXXXOXXXXHHLHHHX1 
10 CXXXXXXOXXXXHHLHHLXl 
11 CXXXXXXOXXXXHHLHLHX1 
12 CXXXXXXOXXXXHHLHLLX1 
13 CXXXXXXOXXXXHHLLHHX1 
14 CXXXXXXOXXXXHHLLHLXl 
15 CXXXXXXOXXXXHHLLLHX1 
16 CXXXXXXOXXXXHHLLLLXl 
17 CXXXXXXOXXXXHLHHHHX1 
18 CXXXXXXOXXXXHLHHHLX1 
19 CXXXXXXOXXXXHLHHLHX1 
20 CXXXXXXOXXXXHLHHLLXl 
21 CXXXXXXOXXXXHLHLHHX1 
22 CXXXXXXOXXXXHLHLHLXl 
23 CXXXXXXOXXXXHLHLLHX1 
24 CXXXXXXOXXXXHLHLLLXl 
25 CXXXXXXOXXXXHLLHHHX1 
26 CXXXXXXOXXXXHLLHHLX1 
27 CXXXXXXO XXXXHLLHLHXl 
28 CXXXXXXOXXXXHLLHLLXl 
29 CXXXXXXOXXXXHLLLHHX1 
30 CXXXXXXOXXXXHLLLHLX1 
31 CXXXXXXOXXXXHLLLLHX1 
32 CXXXXXXOXXXXHLLLLLXl 
33 CXXXXXXO XXXXLHHHHHX1 
34 CXXXXXXOXXXXLHHHHLXl 
35 CXXXXXXO XXXXLHHHLHX1 
36 CXXXXXXOXXXXLHHHLLX1 
37 CXXXXXXOXXXXHHHHHHX1 
38 C10XXXX10XXHXXXXXXH1 
39 C01XXXX11XXHXXXXXXLl 
40 C11XXXX10XXLXXXXXXLl 
41 C11XXXX11XXHXXXXXXL1 
42 C11XXXX10XXLXXXXXXLl 
43 C10XXXX11XXHXXXXXXHl 
44 CllXXXX10XXHXXXXXXHl 
45 C11XXXX11XXHXXXXXXHl 
46 COIXXXX10XXLXXXXXXLl 
47 Cll XXXXllXXHXXXXXXLl 


11 1111 
1111 
2222 
2222 
2233 
0123 4567 
8901 
2345 
6789 
0123 
4567 
8901 


o 
---- 
---- 
1 -x-- 
---- ---- 
2 --x x-- --- 
---- ---- /S 
---- R*ROLL 
-x- 
--x- 
--x- --x- --x- -x-- ---- /OO*/Q2*/Q3*/Q4*T 
-xx- 
/OO*/Q5*T 


-x- 
---x --x- --x- --x- 
---x -x- 
--x- --x- --x- 
--x- ---x ---- 
---x --x- ---- 


-x-- 
-x-- 
-xx- 
-xx- 


/OO*Q1*/Q2*/Q3*/Q4*T 
---- 
OO*/Q1*/Q2*/Q3*/Q4*T 
/00 *Q1 */Q5 *T 
00* /Q1* /Q5*T 


OO*Q1*/Q2*/Q5*T 
/Q1*Q2*/Q5*T 
/00 *Q2 */Q5 *T 


OO*Q1*Q2*/Q3*/Q5*T 
/Q2*Q3*/Q5*T 
/C!J*Q3*/Q5*T 
/Q1*Q3*/Q5*T 


40 
---x ---x --x 
---x --x- -xx- 
C!J*Q1*Q2*Q3*/Q4*/Q5*T 
41 
---- 
---- --x- ---x -xx- ---- 
/Q3*Q4*/Q5*T 
42 
---- --x- ---- ---- ---x -xx- ---- 
/Q1*Q4*/Q5*T 
43 
---- 
---- --x- 
---x -xx- ---- 
/Q2*Q4*/Q5*T 
44 
--x- ---- ---- ---- ---x -xx- ---- 
/OO*Q4*/Q5*T 


--x 
---x --x- 
--x- ---x ---- 
--x- ---- ---x ---- 


-xx- 
-xx- 
-xx- 


48 
---x ---x ---x ---x ---x -xx- ---- 
C!J*Q1*Q2*Q3*Q4*/Q5*T 
49 
--x- --x- --x- --x- ---x ---- /Q1*/Q2*/Q3*/Q4*Q5 
SO 
--x- ---x --x- --x- --x- ---x ---- /C!J*Q1*/Q2*/Q3*/Q4*Q5 


---x ---x ---x --x- 
---- --x- ---x ---- 
--x- ---- ---- --x --- 
--x- --- 
---x ---- 


-xx- 
-xx- 
-xx- 
-xx- 


56 
57 ---x ---- 
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DICE 
D.I!;l;UU.I!;K 
MMI FIELD APPLICATIONS 
ENGINEER 
DALLAS,TEXAS 
NC N¢ /QO /Ql /Q2 /Q3 /Q4 /Q5 NC GND 
NC NC /NCIS /NC2S 
/NC4S /IS /2S /4S /8S VCC 


IS = /QO* Ql 
*/Q3* Q4*/Q5 
+ /QO 
*/Q2*/Q3*/Q4* 
Q5 
+ /QO* Ql* Q2*/Q3 
*/Q5 
+ 
QO*/Ql* 
Q2* Q3 
*/Q5 
+ /QO 
*/Q2* Q3*/Q4*/Q5 
+ 
QO 
* Q2* Q3*/Q4*/Q5 
+ 
NClS 


IF(VCC) NCIS 
QO 
*/Q2*/Q3*/Q4*/Q5 
+ 
QO*/Ql 
*/Q3*/Q4*/Q5 
+ /QO 
* Q2*/Q3* 
Q4*/Q5 
+ 
QO*/Ql*/Q2 
* Q4*/Q5 
+ 
QO 
*/Q2* Q3* Q4*/Q5 
+ /QO* Ql* Q2 
* Q4*/Q5 


2S = /QO* Ql*/Q2*/Q3*/Q4* 
Q5 
+ 
QO*/Ql*/Q2*/Q3*/Q4 
+ 
QO*/Ql*/Q2 
*/Q4*/Q5 
+ 
Ql* Q2* Q3*/Q4*/Q5 
+ /QO* Ql 
* Q3*/Q4*/Q5 
+ /QO* Ql* Q2 
*/Q4*/Q5 
+ 
NC2S 


= 
QQ* Ql 
+ /QO*/Ql* 
+ /QO 
* 
+ 
/Ql 
+ 
/Ql 


*/Q3* Q4*/Q5 
Q2 
* Q4*/Q5 
Q2* Q3* Q4*/Q5 
*/Q3*/Q4*/Q5 
* Q3* Q4*/Q5 


:THE MINIUM 
LOGIC 
REQUIRED 
:TO DECODE 
THE IS BIT WAS DERIVED 
:FROM 
THE KARNAUGH 
MAP 


:NCIS IS USED AS ADDITIONAL 
DECODE 
:FOR IS 


:NC2S IS USED AS ADDITIONAL 
DECODE 
:FOR 2S 


:NC4S IS USED AS ADDITIONAL 
DECODE 
:FOR 4S 


4S 
QO* Ql*/Q2*/Q3*/Q4 
+ /QO*/Ql* 
Q2*/Q3 
*/Q5 
+ /QO* Ql* Q2* Q3 
*/Q5 
+ 
/Ql*/Q2* 
Q3 
*/Q5 
+ 
Ql*/Q2*/Q3 
*/Q5 
+ /QO 
* Q3*/Q4*/Q5 
+ 
NC4S 


Q2* Q3*/Q4*/Q5 
* Q2 
*/Q4*/Q5 


QO* Ql*/Q2* 
Q3 
*/Q5 
/Ql*/Q2*/Q3* 
Q4*/Q5 
Ql*/Q2* 
Q3* Q4*/Q5 
Ql* Q2*/Q3* 
Q4*/Q5 
/Ql* Q2* Q3* Q4*/Q5 
* Q2 
* Q4*/Q5 
/Q2*/Q3*/Q4* 
Q5 


+ 
+ 
+ 
+ 
+ 
QO 
+ 


INPUTS 
1Q Q Q Q Q Q 
15 4 3 2 1 0 
N N N 
C C C 
421 
S S S 


L L L L L L 
L H L 
L L L L L H 
L H H 
L L L L H L 
L L L 
L L L L H H 
L L H 
L L L H L L 
L H L 
L L L H L H 
H H H 
L L L H H L 
L L L 
L L L H H H 
H L L 
L L H L L L 
L L L 
L L H L L H 
L L L 
L L H L H L 
L L L 
L L H L H H 
L L L 
L L H H L L 
H L L 
L L H H L H 
H L L 
L L H H H L 
H L L 
L L H H H H 
H L L 
L H L L L L 
L L L 
L H L L L H 
L L H 
L H L L H L 
L L L 
L H L L H H 
L H L 
L H L H L L 
L H H 
L H L H L H 
L L L 
L H L H H L 
L L H 
L H L H H H 
L H L 
L H H L L L 
L H L 
L H H L L H 
L H H 
L H H L H L 
L L L 
L H H L H H 
L L H 
L H H H L L 
L H L 
L H H H L H 
L H L 
L H H H H L 
L H H 
L H H H H H 
L L L 
H L L L L L 
L L L 
H L L L L H 
L L L 
H L L L H L 
L L L 
H L L L H H 
L L L 


OUTPUTS 
8 4 2 1 
S S S S 


L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 


COMMENTS 
(DICE ROLL) 


THIS 
PAL DECODES THE 36 
STATE MACHINE INTO A BINARY REPRESENTATION OF THE 
ROLL OF THE DICE 
(2 
THRU 12). 
THERE ARE 36 
POSSIBLE 
COMBINATIONS FOR THE 
TWO DICE. 
THE NUMBERS ARE DECODED SO THAT THE PROPER ODDS ARE MAINTAINED 
FOR THE ROLL OF EACH NUMBER. 


Craps Game 


1 XX111111XXXXHLHHLHHl 
2 XX011111XXXXLLHLLHHl 
3 XX101111XXXXHHBHHLHl 
4 XXOOllllXXXXLHHLHLHl 
5 XX110111XXXXHLHHLLHl 
6 XX010111XXXXLLLLLLH1 
7 XX100111XXXXHHHLLHHl 
8 XX000111XXXXHHLHHLHl 
9 XX111011XXXXHHHLHLHl 
10 XXOllOllXXXXHHBHLLHl 
11 XX101011XXXXHHHLLLHl 
12 XX001011XXXXHHHHHHLl 
13 XXllOOllXXXXHHT,mu,Hl 
14 XX010011XXXXHHLLHLHl 
15 XX100011XXXXHHLHLLHl 
16 XX000011XXXXHHLLLLHl 
17 XX111101XXXXHHHHHHLl 
18 XX011101XXXXLHHLHHLl 
19 XX101101XXXXHHHLHLHl 
20 XX001101XXXXHLHHLLHl 
21 XX110101XXXXLLHLLLHl 
22 XX010101XXXXHHHHHHLl 
23 XX100101XXXXLHHLHHLl 
24 XX000101XXXXHLHHLHLl 
25 XX111001XXXXHLHHLLHl 
26 XX011001XXXXLLHLLLHl 
27 XX101001XXXXHHHHHHLl 
28 XX001001XXXXLHHLHHLl 
29 XXll0001XXXXHLHHLHLl 
30 XX010001XXXXHLHLLHLl 
31 XX100001XXXXLLHLLLHl 
32 XX000001XXXXHHHHHHLl 
33 XX111110XXXXHHHLHHLl 
34 XX011110XXXXHHHHLHLl 
35 XX101110XXXXHHHLLHLl 
36 XX001110XXXXHHHHHLLl 


o --- 
---- 
1 --- 
-x-- 
2 
3 
4 
5 
6 
-x-- 
7 


8 
9 
10 
11 
12 
13 
14 
15 


16 
17 
18 
19 
20 
21 
22 
23 


24 
25 
26 
27 
28 
29 
30 
31 


32 
33 
34 


40 
41 
42 
43 
44 
45 
48 
49 
50 
51 
52 
53 
54 


-x-- x--- -x-- ---- x-- 
x--- x--- x--- -x-- x--- 
-x-- x--- -x-- -x-- x--- 
-x-- -x-- x--- -x-- x--- 
x--- -x-- -x-- -x-- x--- 
---- -x- 
---- -x- 
x--- 
---- x--- x-- 
x--- -x-- 


QO*Q1*/Q2*Q3*/Q5 
/Q1*/Q2*/Q3*04*/Q5 
Q1*/Q2*Q3*Q4*/Q5 
Q1*Q2*/Q3*Q4*/Q5 
/Q1*Q2*Q3*04*/Q5 
QO*Q2*04*/Q5 
/Q2*/Q3*/04*Q5 
---- ---- 
-x-- -x-- x--- x--- x--- ---- ---- QO*Q1*/Q2*/Q3*/Q4 
x--- x--- -x-- x--- ---- x--- ---- /QO*/Q1*Q2*/Q3*/Q5 
x--- -x-- -x-- -x-- ---- x--- ---- /QO*Q1*Q2*Q3*/Q5 
x--- x--- -x-- ---- x-- 
---- /Q1*/Q2*Q3*/Q5 
-x-- x--- x--- ---- x--- ---- Q1*/Q2*/Q3*/Q5 
x--- ---- ---- -x-- x--- x--- ---- /QO*Q3*/04*/Q5 
---- ---- ---x --- ---- ---- NC4S 
---- ---- ---- ---- ---- 
x--- -x-- x--- x--- x--- -x- 
---- /QO*Q1*/Q2*/Q3 */04 *Q5 
-x-- x--- x--- x--- x-- 
---- QO*/Q1*/Q2*/Q3*/04 
-x-- x--- x--- 
x-- 
x-- 
---- QO*/Q1*/Q2*/04*/Q5 
-x-- -x-- -x- 
x--- x--- ---- 
Q1*Q2*Q3 */04 */Q5 
x--- -x-- ---- -x-- x--- x-- 
---- /QO*Q1*Q3 */04 */Q5 
x--- -x-- -x-- ---- x-- 
x-- 
---- /QO*Q1*Q2*/04*/Q5 
---- ---- ---- ---x ---- ---- NC2S 


x--- 
x--- 
x--- 
-x-- 
x--- 
-x-- 


---- x-- 
x--- x--- 
-x-- x--- 
-x-- -x-- 
x--- -x-- 
-x-- -x-- 


-x-- 
x--- 


x--- 
x--- 


x--- ---- /QO*Q1*/Q3*04*/Q5 
-x-- ---- /QO*/Q2*/Q3*/04*Q5 
x-- ---- /QO*Q1*Q2*/Q3*/Q5 
x--- ---- 
QO*/Q1*Q2*Q3*/Q5 
x--- ---- /QO*/Q2*Q3*/04*/Q5 
x--- ---- QO*Q2*Q3*/04*/Q5 
---x --- 
NC1S 


---- -x-- -x-- x--- x--- ---- 
Q2*Q3*/04*/Q5 
-x-- ---- -x-- ---- x--- x--- ---- 
QO*Q2*/04*/Q5 


-x-- 
x--- 


-x-- 
-x-- 
-x-- 
x--- 
-x-- 


LEGEND: 
x: 
FUSE NOT BLOWN 
(L,N,O) 


NUMBER 
OF FUSES 
BLOWN 
= 1351 


-x-- 
x--- 
X--- 
---- x--- 
---- x--- 


-x-- ---- 
X--- 
X--- 
-X-- 
-x-- -X-- 
---- x-- 
---- -x-- 


-x-- 
-X-- 
x--- 
-X-- 
-X-- 
X--- 


x--- 
X--- x--- 
x--- ---- 
X--- X-- 
-x- 
x---' -X-- 
x--- x--- ---- 
-X-- 
---- X--- -x-- -x-- 
-x-- 
-X-- ---- -X-- 


x--- 
x-- 
X-- 
x--- 
x--- 


---- QO*Q1*/Q3*Q4*/Q5 
---- /QO*/Q1*Q2*Q4*/Q5 
---- /QO*Q2*Q3*04*/Q5 
---- /Q1*/Q3*/Q4*/Q5 
---- /Q1*Q3*Q4*/Q5 


x--- 
X-- 
x--- 
X--- 
x-- 
x--- 


---- QO*/Q2*/Q3*/04*/Q5 
---- QO*/Q1*/Q3*/04*/Q5 
---- /QO*Q2*/Q3*Q4*/Q5 
---- QO*/Q1*/Q2*Q4*/Q5 
---- QO*/Q2*Q3*Q4*/Q5 
---- /QO*Q1*Q2*Q4*/Q5 


- : FUSE 
BLOWN 
(H,P,1) 


Craps Game 


012) 
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Craps Game 


PAL16R4 
IC4 
STORE POINT /2, 
/7, 
AND /11 
DECODE 


MMI FIELD APPLICATIONS ENGINEER DALLAS, TEXAS 
CLK /8S 
/4S 
/2S 
/lS 
/A 
/B 
/C IT GND 


/OC NC /11 
/P1S 
/P2S 
/P4S 
/P8S 
/7 
/2 
VCC 


PAL DESIGN SPECIFICATAION 


BRAD MITCHELL 07/28/81 


P8S 
:= 
8S 
*/A* 
B*/C 
*T : LOAD INTO POINT ON FIRST 
ROLL 
+ 
PBS*/A* 
B* C 
*T : SAVE POINT IF 
NOT FIRST 
ROLL 
+ 
PBS* A*/B 
*T 
: SAVE POINT 


+ 
PBS* A* B*/C 
*T : SAVE POINT 


P4S 
:= 
4S 
*/A* 
B*/C 
*T : LOAD INTO POINT IF 
FIRST 
ROLL 
+ 
P4S*/A* 
B* C 
*T 
:SAVE POINT IF 
NOT FIRST 
ROLL 
+ 
P4S* 
A*/B 
*T :SAVE POINT 


+ 
P4S* 
A* B*/C 
*T 
:SAVE POINT 


P2S 
:= 
2S 
*/A* 
B*/C 
*T 
: LOAD INTO POINT IF 
FIRST 
ROLL 
+ 
P2S*/A* 
B* C 
*T :SAVE POINT IF 
NOT FIRST 
ROLL 
+ 
P2S* 
A*/B 
*T :SAVE POINT 


+ 
P2S* 
A* B*/C 
*T :SAVE POINT 


PIS 
:= 
IS 
*/A* 
B*/C 
*T : LOAD INTO POINT IF 
FIRST 
ROLL 
+ 
P1S*/A* 
B* C 
*T 
:SAVE POINT IF 
NOT FIRST 
ROLL 
+ 
P1S* 
A*/B 
*T :SAVE POINT 


+ 
P1S* 
A* B*/C 
*T :SAVE POINT 


IF (VCC) 2 
= /8S*/4S* 
2S*/lS 
: DECODETHE NUMBER2 


IF (VCC) 7 
= /8S* 
4S* 
2S* 
IS 
:DECODE THE NUMBER7 


IF (VCC) 11 
= 
8S*/4S* 
2S* 
IS 
:DECODE THE NUMBER11 


:-------INPUTS------- 
:C 8 4 2 1 
ABC 
T 


:L S S S S 
:K 


----OUTPUTS---- 
P P P P 
271 
8 421 
1 
S S S S 


C L L L L 
L L L 
L 
L L L L 
L L L 
INITIATE 
ALL REGISTERS TO LOW 
C H L L H 
L H L 
H 
H L L H 
L L L 
LOADA NUMBERINTO POINT 
C L L L L 
L H H 
H 
H L L H 
L L L 
SAVE THE NUMBERIN POINT 
C L L L L 
H L X 
H 
H L L H 
L L L 
SAVE THE NUMBERIN POINT 
C L L L L 
H H L 
H 
H L L H 
L L L 
SAVE THE NUMBERIN POINT 
C L L H L 
L H L 
H 
L L H L 
H L L 
LOAD POINT 
& DECODEA "2" 
C L H H H 
L H L 
H 
L H H H 
L H L 
LOAD POINT 
& DECODEA "7" 
C H L H H 
L H L 
H 
H L H H 
L L H 
LOAD POINT 
& DECODEA "11" 


THIS PAL IS USED TO STORE THE POINT 
IN THE GAME. 
IT ALSO DECODES 
THE NUMBERS 
2, 7, AND 11 TO BE USED 
IN DETERMINING 
WIN OR LOSE. 


1 Cl1111111XXXHHHHHHHl 
2 C01101010XXXHLHHLHHl 
3 C11l11000XXXHLHHLHHl 
4 C1l1101XOXXXHLHHLHHl 
5 C1l110010XXXHLHHLHHl 
6 Cl1011010XXXHHLHHHLl 
7 C10001010XXXHLLLHLHl 
8 C01001010XXXLLLHLHHl 


0123 4567 8901 2345 6789 0123 4567 8901 


0 
1 x--- x-- 
-x-- x--- 
/88*/48*28*/18 


8 
9 x--- -x-- -x-- -x-- 
/88*48*28*18 


16 -x-- 
x--- -x-- x--- -x-- 88*/A*B*/C*T 


17 
---x ---- x--- -x- 
-x-- -x-- P88*/A*B*C*T 


18 
---x ---- -x-- x--- 
-x-- P88*A*/B*T 


19 
---x 
-x-- -x-- x--- -x-- PS8*A*B*/C*T 


24 
-x-- 
x--- -x-- x--- -x-- 48*/A*B*/C*T 


25 
---x x--- -x-- -x-- -x-- P48*/A*B*C*T 


26 
---x -x-- x--- 
-x-- P48*A*/B*T 


27 
---x -x-- -x-- x-- 
-x-- P48*A*B*/C*T 


32 
-x- 
x-- 
-x-- x--- -x-- 28*/A*B*/C*T 


33 
x-x 
-x-- -x- 
-x-- P28*/A*B*C*T 


34 
-x-x x-- 
-x-- P28*A*/B*T 


35 
-x-x -x- 
x--- -x-- P28*A*B*/C*T 


40 
-x-- x--- -x-- x--- -x-- 18*/A*B*/C*T 


41 
x-- 
-x-x -x-- -x-- P18*/A*B*C*T 


42 
-x-- x--x ---- -x-- P15*A*/B*T 


43 
-x-- -x-x x-- 
-x-- P15*A*B*/C*T 


48 
49 -x-- x-- 
-x-- -x-- 
85*/48*25*18 


Craps Game 
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Notes 


Traffic Signal Controller 


YELB 


GRNB 


Traffic Sianal Controller 


Figure 1 illustrates 
a simple traffic 
intersection 
consisting 
of two 
one-way 
streets, direction 
A and direction 
B. Each direction 
has 
a signal 
consisting 
of red, yellow 
and green 
lamps which 
are 
activated 
with 
appropriately 
named 
active 
low 
signals. 
Also, 
each direction 
has a sensor which 
provides 
an active low signal 


indicating 
the presence 
of an oncoming 
vehicle. 
Our controller 
is to manage this intersection 
with the sensors as inputs and the 
lamps 
as outputs, 
as shown 
in Figure 
2. 


Figure 
2 also 
includes 
the 
system 
clock 
and an initialize 
(or 
reset) signal, 
which 
drives the controller 
to a pre-defined 
initial 


state. This 
raises two 
important 
issues in designing 
sequential 


logic 
with 
PALs. First, all circuit 
implementations 
of sequential 


logic 
with 
PALs are totally 
synchronous. 
This 
implies 
that all 


state 
variables 
(flip-flops) 
change 
at the same time, 
precisely 
after the rising edge of the clock. Second, 
PAL sequential 
logic 
designs 
should 
include 
a means for initialization 
to implement 


test programs 
and ensure 
reliable 
circuit 
operation. 


TRAFFIC 
SIGNAL 
CONTROLLER 


REDA 


REDB 


YELA 


YELB 


GRNA 


GRNB 


In this 
format, 
each 
bubble 
represents 
a stable 
state, 
i.e., an 


output 
configuration, 
lasting 
at least one clock cycle. 
Inside the 
bubble 
is the 
name 
of 
the 
state 
(50-511) 
and 
the 
outputs 
associated 
with 
that state. This 
particular 
circuit's 
outputs 
are 
specified 
to be a function 
of the state of the flip-flops 
only, and 
are not directly 
affected 
by the inputs. 
For the sake of simplicity 


in the state 
graph, 
the transitions 
involving 
INIT are omitted; 


INIT simply 
drives the circuit 
to SO from any state, regardless 
of 


other 
inputs. 


Another 
method 
of expressing 
the state graph 
information 
is 
with a state table, shown 
in Figure 4. Each row in the state table 
corresponds 
to a state (or bubble from the state graph). The first 
four 
columns 
give the next state for each of the possible 
input 
combinations. 
The 
output 
is also 
given 
for 
each 
state 
in the 
table. 
The 
state 
graph 
may 
be omitted 
but 
a state 
table 
is 
generally 
required 
to design 
the circuit. 


The 
next 
step 
in the design 
is to assign 
state variables. 
This 


process 
also 
involves 
selecting 
the 
PAL or PALs to be used. 


Referring 
to Figures 2 and 3, the circuit 
requirements 
are seen to 


be 4 input, 6 output and 12 internal states. Since the intpuVoutput 
pin requirements 
do not impose 
restrictions 
in either a 20 or 24 
pin package, 
the states 
requirement 
will 
be addressed 
first. A 


PAL 16R4 
can 
implement 
the 
12 states 
with 
its 4 flip 
flops. 


However, 
only 
4 
combinatorial 
outputs 
are 
available. 
This 


means that the flip-flop 
outputs 
(or state variables) 
will need to 


be utilized as circuit outputs as well. One such approach is to 
take advantage of the fact that REDA= REDBand implementing 
REDA with one flip-flop, and REDB with an external inverter. 


NEXT STATE 


8uch a state variable assignment and resulting transition table is 
in Figure 5. This is generated by substituting the variable 
assignments into the state table. 


CURRENT~ 
INPUT SENA, SENB 
OUTPUT 


STATE 
00 
01 
10 
11 
REDA 
VELA 
GRNA 
REDB 
VELB 
GRNB 


80 
81 
84 
80 
81 
0 
0 
1 
1 
0 
0 


81 
82 
82 
82 
82 
0 
0 
1 
1 
0 
0 


82 
S3 
83 
83 
83 
0 
0 
1 
1 
0 
0 


83 
S4 
S4 
84 
84 
0 
0 
1 
1 
0 
0 


84 
85 
85 
85 
85 
0 
0 
1 
1 
0 
0 


85 
86 
86 
86 
86 
0 
1 
0 
1 
0 
0 


86 
87 
86 
810 
87 
1 
0 
0 
0 
0 
1 


87 
88 
88 
88 
88 
1 
0 
0 
0 
0 
1 


88 
89 
89 
89 
89 
1 
0 
0 
0 
0 
1 


89 
810 
810 
810 
810 
1 
0 
0 
0 
0 
1 


810 
811 
811 
811 
811 
1 
0 
0 
0 
0 
1 
811 
SO 
80 
80 
80 
1 
0 
0 
0 
1 
0 


CURRENT 
INPUT/NEXT 
STATE 
OUTPUTS 
STATE 
00 
01 
10 
11 
-_.- 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
0 
1 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 
0 
0 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 


STATE 
03020100 


SO 
0 
0 
0 
0 


81 
0 
0 
0 
1 


82 
0 
0 
1 
0 


83 
0 
0 
1 
1 


S4 
0 
1 
0 
0 


S5 
0 
1 
0 
1 


S6 
1 
0 
0 
0 


87 
1 
0 
0 
1 
sa 
1 
0 
1 
0 


89 
1 
0 
1 
1 


810 
1 
1 
0 
0 


811 
1 
1 
0 
1 


Input = 8ENA, 8ENB 


Current/Next 8tate = 03, 02, 01, 00/03+, 02+, 01+, 00+ 


Output = REDA, VELA, GRNA, REDB, VELB, GRNB 


From this table, Karnaugh maps for D flip flop next state 
equati~ns and output functions can be written, by transcription 
from t~e transition table, and minimized equations derived.This 
is shoWn in Figures 6 through 10.The state machine and PAL 


SENA, SENB = 10 
SENA, SENB 
= 11 


I 
DO = 00 SENA 
SENB 
+ 
00 SENA 
SENB 
+ 
01 00 + 
02 00 + 
03 00 


implementation follows. Note that the INIT term is simply 
AND'ed with all next state products to generate the initialize 
function 


SENA, SENB 
= 10 
SENA, SENB 
= 11 


02 = 01 00 + 
02 01 Q1j + 


SENA 
SENB 
Q3 Q1 00 


SENA, SENB 
= 10 
SENA, SENB 
= 11 


03 
= 03 00 
+ 
03, Q2 


030200 


REDA 
= 03 


01 
11 
10 


0 


0 
0 


X 
X 
0 


X 
X 


GRNA 
= 03 Q2 + OOQ1QO 


03,02 
01,00 
00 
01 
11 
10 


00 
0 
0 


01 
0 
0 


11 
0 
X 
0 


10 
0 
X 
X 
0 


VELB 
= 03 
02 l:iO 


VELA 


01,0 ~3,02 
o 
00 
01 
11 
10 


00 
0 
0 
0 
0 


01 
0 
1\ 
0 
0 


11 
0 
Xj 
X 
0 


10 
0 
X 
X 
0 


11 
10 


o 


COMBINA· 


TORIAL 
+ 
SUBNETWORK 
02 
(FOR 
FLIP·FLOP 
INPUTS) 


COMBINA· 


TORIAL 
SUBNETWORK 
(FOR OUTPUTS) 


VELA 


GRNA 


GRNB 


VELB 


Traffic Signal Controller 


MMI FIELD APPLICATIONS 
ENGINEER 
YORBA 
LINDA, CALIFORNIA 
CLK /SENA /SENB /INIT NC NC NC NC NC GND 
GND /GRNB /YELB /QO /Ql /Q2 /Q3 /GRNA /YELA VCC 


IF ~VCC) YELA 
= 
/Q3 * 
Q2 * 
00 
J "A" DIRECTION 
YELLOW 
LITE 


IF (VCC) GRNA 
/Q3 * 
/Q2 
,"A" DIRECTION 
GREEN 
+ 
/Q3 * 
/Ql * 
/00 


Q3 
:= 
Q3 
* 
/QO 
* /INIT 
+ 
Q3 
* 
/Q2 
* /INIT 
+ 
/Q3 
* 
Q2 
* 
00 
* /INIT 


Q2 
:= 
Ql 
* 
00 
* /INIT 
+ 
Q2 
* 
/Ql 
* 
/QO 
* /INIT 
+ 
/Q3 
* 
/Ql 
* 
/QO 
* /SENA * 
SENB * /INIT 


Ql 
:= 
Ql 
* 
/00 
* /INIT 
+ 
IQ2 
* 
/Ql 
* 
00 
* /INIT 


00 
:= 
/QO 
* 
/SENA * 
/SENB * /INIT 
:PRODUCTS ARE FROM K-MAP 
+ 
/00 
* 
SENA * 
SENB * /INIT 
+ 
Ql 
* 
/00 
* 
/INIT 
+ 
Q2 
* 
/QO 
* 
/INIT 
+ 
Q3 
* 
/QO 
* 
/INIT 


IF (VCC) GRNB 
Q3 * 
/Q2 
;"B" DIRECTION 
GREEN 
+ 
Q3 * 
/Ql * 
/00 


IF (VCC) YELB 
Q3 * 
Q2 * 
QO 
:"B" DIRECTION 
YELLOW 


Traffic Signal Controller 


FUNCTION 
TABLE 


IINIT 
CLK 
SENA 
SENB 
Q3 
Q2 
Ql 
QO 
GRNA YELA 
GRNB 
YELB 
: COMMENTS 
------------------------------------------------------------------------ 
L 
C 
X 
X 
L 
L 
L 
L 
X 
X 
X 
X 
so 
(INIT) 
H 
C 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
SI 
H 
C 
X 
X 
L 
L 
H 
L 
H 
L 
L 
L 
S2 
H 
C 
X 
X 
L 
L 
H 
H 
H 
L 
L 
L 
S3 
H 
C 
X 
X 
L 
H 
L 
L 
H 
L 
L 
L 
S4 
H 
C 
X 
X 
L 
H 
L 
H 
L 
H 
L 
L 
S5 
H 
C 
X 
X 
H 
L 
L 
L 
L 
L 
H 
L 
S6 
H 
C 
L 
L 
H 
L 
L 
H 
L 
L 
H 
L 
S7 
H 
C 
X 
X 
H 
L 
H 
L 
L 
L 
H 
L 
S8 
H 
C 
X 
X 
H 
L 
H 
H 
L 
L 
H 
L 
S9 
H 
C 
X 
X 
H 
H 
L 
L 
L 
L 
H 
L 
S10 
H 
C 
X 
X 
H 
H 
L 
H 
L 
L 
L 
H 
S11 
H 
C 
X 
X 
L 
L 
L 
L 
H 
L 
L 
L 
so 
H 
C 
L 
H 
L 
H 
L 
L 
H 
L 
L 
L 
S4 
L 
C 
X 
X 
L 
L 
L 
L 
X 
X 
X 
X 
so 
(INIT) 
H 
C 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
so 
H 
C 
H 
H 
L 
L 
L 
H 
H 
L 
L 
L 
SI 
------------------------------------------------------------------------ 


THIS 
PAL 
IMPLEMENTS 
A SIMPLE 
2 
CHANNEL 
TRAFFIC 
LIGHT 
CONTROLLER. 
IT 
IS 
INTENDED 
AS 
AN EXAMPLE 
IN 
STATE 
MACHINE 
SYNTHESIS. 


1 
CXXOXXXXXXXXXHHHHXXI 
2 
CIIIXXXXXXXHHLHHHLHl 
3 
CXXIXXXXXXXHHHLHHLHl 
4 
CXXIXXXXXXXHHLLHHLHl 
5 
CXXIXXXXXXXHHHHLBLHl 
6 
CXXIXXXXXXXHHLHLHHLI 
7 
CXXIXXXXXXXLHHHHLHHl 
8 
CIIIXXXXXXXLBLBHLHHl 
9 
CXXlXXXXXXXLHHLHLHHl 
10 
CXXIXXXXXXXLBLLHLHHl 
11 
CXXIXXXXXXXLHHHLLHHl 
12 
CXXIXXXXXXXHLLBLLHHl 
13 
CXXIXXXXXXXHHHHHHLHl 


14 
CI0IXXXXXXXHHHHLBLHl 
15 
CXXOXXXXXXXXXBHHHXXl 
16 
COl1XXXXXXXHHHHHHLHl 
17 
COOIXXXXXXXHHLBHBLHl 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


o 
---- 
---- 
---- 
---- 
---- 
---- 


1 
---- --x- ---x ---- ---x ---- ---- 
/Q3*Q2*QO 


--x- --x- 
---- ---- 
/Q3*/Q2 
--x- 
--x- --x- 
/Q3*/Q1*/QO 


x--x ---- 
--x- 
x--x --x- ---- ---- 
x-x- ---x ---- ---x ---- 


Q3*/QO*/INIT 
Q3*/Q2*/INIT 
/Q3*Q2*QO*/INIT 


24 
x--- ---- ---x ---x ---- ---- 
Q1*QO*/INIT 


25 
x--- ---x --x- --x- 
---- 
Q2*/Q1*/QO*/INIT 


26 x--- -x-- x-x- ---- --x- --x- ---- ---- 
/Q3*/Q1*/QO*/SENA*SENB*/INIT 


32 
33 


40 x--- 
41 -x-- 
42 
43 
44 


48 
49 


56 
57 
58 


x--- ---- ---x --x- ---- ---- 
Q1*/QO*/INIT 
x--- --x- --x- ---x ---- ---- 
/Q2*/Q1*QO*/INIT 


x--- x--- ---- ---- --x- 
-x-- x--- ---- ---- --x- 
x--- ---- ---x --x- 
---- x--- ---x ---- --x- 
x--x ---- 
--x- 


---- /QO*/SENA*/SENB*/INIT 
---- ---- /QO*SENA*SENB*/INIT 
---- ---- Q1*/QO*/INIT 
---- ---- Q2*/QO*/INIT 
---- ---- Q3*/QO*/INIT 


---x --x- 
---x ---- --x- --x- 
Q3*/Q2 
Q3*/Q1*/QO 


, 


012 
J 
4 
~ 
6 
7 
891011 
12131415 
16171819 
20212223 
24252627 
28293031 


0 
>-J 


1 


1 


J 
19 
. 
; 


6 


7 
, .. 
...• 


-I>.. 


8 


9 
>---J 
10 


11 
18 


11 


1J 


14 
II 


3 .. 
...• 


--1~ 
•.. 
~ 


16 


11 
;;-;;e-~ 


18 


19 


10 
../ 


11 


11 
~l 


1J 


4 
~ 
~ 
~ 


" 


~i 


15 


16 
-...... 
dl 


17 


18 
/ 


19 
lO 


31 


5 
~ 
..• 


•.. 
~ 


J1 


JJ 
~ 
" 
31 


"" 
15 


J6 
/ 


~ 


V 


17 


J8 


J9 


6 .. 
~ 


•.. 
... 


.. 


OJ 
- 


~, 


41 
" 


....••. 


" 
lJ1 


01.. 
" 


) 
•.. 
...• 
... 


41 


49 
l 
"II 
13 


11 


13 
/ 
V 


14 
S\ 


8 
•.. 
"'.- 
..• 


" 
17 
J 
"" 
60 
)- 
" 
61 


62 


6J 


9 
~ 
~ 
~" 
"'lO.. 
...• 
......- 


Another 
approach 
to the circuit 
implementation 
is to assign 
one 
flip-flop 
(state variable) 
per output. 
When 
this is done with 
PALs, 


no 
penalty 
in chip 
count 
need 
be paid. 
In addition, 
such 
an 


implementation 
offers 
higher 
throughput 
than 
one 
which 
uses 


combinatorial 
outputs 
as one 
layer 
of delay 
is eliminated. 
Once 


again 
referring 
to 
Figure 
4, we 
see 
that 
the 
outputs 
do 
not 


change 
in 2 sets of 5 states. 
Thus, 
a 3-bit 
counter 
is needed 
to 


count 
the states 
in which 
the outputs 
are common. 
This 
leaves 


only 
5 flip-flops 
in a PAL 16R8, so we will 
use the REDA 
= REDB 


trick 
once 
again. 
Figure 
13 shows 
a new state assignment 
to re- 
implement 
the 
circuit 
with 
this 
approach. 


INPUT/NEXT 
STATE 


CURRENT STATE 
00 
01 
10 
11 
07 Q6 OS04 03 02 01 CO07 Q6 OS04 03 0201 
CO07060S04030201 
CO07060S04030201CO 
07060S04030201 
CO 


0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 


0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 


0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 


0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 


0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 


0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 


1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 


1 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
0 


1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
1 
1 
0 
0 
0 
1 
0 
1 
1 
1 
0 
0 
0 
1 
0 
1 
1 
1 
0 
0 
0 
1 
0 
1 
1 


1 
0 
0 
0 
1 
0 
1 
1 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 


1 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 


1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 


Q7 = REDA 
= REDB 


Q6 = YELA 


Q5 = GRNA 


Q4 
= YELB 


Q2 
} 
Q1 


QO 


This 
transition 
table 
would 
translate 
into 
10 variable 
Karnaugh 
maps. 
Instead, 
we can simply 
write 
down 
the equations 
for each 
next state variable 
and 
minimize 
by inspection 
(especially 
if the 
8 product 
per output 
restriction 
is exceeded). 
Initially 
we will use 
state 
names 
rather 
than 
state 
variables. 


By 
inspection, 
Q7+, Q6+, Q5+, Q4+, 
Q3+, Q1+, 
not 
depend 
on 


8ENA 
and 
8ENB: 


Q7+ = 85 
+ 86 
+ 87 
+ 88 
+ 89 
+ 810 


Q6+ 
= S4 


Q5+ = 80 
+ 81 = 82 
+ 83 
+ 811 


Q4+ = 810 


Q3+ 
= 85 
+ 86 
+ 87 
+ 88 
+ 89 


Q1+ 
= 81 
+ 82 
+ 87 
+ 88 


Q2+ and 
QO+ do 
depend 
on 
8ENA 
and 
8ENB: 


Q2+ = /8ENA 
• /8ENB 
• 
(83 
+ 89) 
[2 
products] 


+ /8ENA' 
8ENB' 
(80 
+ 83 
+ 89) 
[3 products] 


+ 
8ENA' 
/5ENB 
• 
(53 
+ 86 
+ 59) 
[3 products] 


+ 
5ENA' 
8ENB' 
(83 
+ 89) 
[2 
products] 


5ince 
Q2+ 
needs 
10 
products 
as 
written, 
we 
minimize 
by 
Boolean 
manipulation: 


Q2+ = /5ENA 
• /5ENB 
• 
(53 
+ 89) 
} 
/5ENA' 
} 


+ /5ENA' 
5ENB' 
(83 
+ 59) 
(53 
+ 89) 


+ /5ENA' 
5ENB 
+ (50) 
83 
+ 59 


+ 
5ENA· 
/5ENB 
• 
(53 
+ 89)} 
5ENA· 


+ 
5ENA· 
5ENB· 
(53 
+ 89) 
(53 
+ 59) 


+ 
5ENA· 
5ENB· 
(56) 


Q2+ 
= 
53 
+ 59 


+ /8ENA 
• 5ENB 
• 80 


+ 
5ENA' 
5ENB 
• 56 


QO+ = /5ENA 
• /5ENB 
• 
(50 
+ 52 
+ 56 
+ 58) 


+ /5ENA' 
5ENB' 
(82 
+ 58) 


+ 
5ENA' 
/8ENB 
• 
(52 
+ 88) 


+ 
5ENA' 
5ENB· 
(50 
+ 82 
+ 56 
+ 88) 


[4 products] 


[2 products] 


[2 products] 


[4 products] 


QO+ = /5ENA 
• /5ENB 
• 
(50 
+ 56) 


+ /5ENA 
• /5ENB 
• 
(52 
+ 58) 
} 


+ /5ENA· 
8ENB· 
(82 
+ 58) 


+ 
5ENA' 
/5ENB 
• 
(52 
+ 58) 
} 


+ 
5ENA' 
5ENB· 
(52 
+ 58) 


+ 
5ENA' 
5ENB· 
(50 
+ 56) 


/5ENA' 
} 


(52 
+ 58) 


52 + 58 
5ENA· 


(82 + 58) 


QO++ 
52+58 


+ /5ENA 
• /8ENB 
• 
(50 
+ 56) 


+ 
5ENA' 
5ENB' 
(80 
+ 86) 


The full equations (note that minimization 
is optional for less 


than 8 product sums): 


Q7+ = /Q7' 
Q6' 
/Q5 
• /Q4 
• /Q3 
• /Q2 
• /Ql 
• /QO 


+ 
07' 
/Q6 
• /Q5 
• /Q4' 
Q3' 
/Q2 
• /Ql 
• /QO 


+ 
Q7' 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2 
• /Ql 
• 
QO 


+ 
07· 
/Q6 
• /Q5 
• /Q4' 
Q3· 
/Q2' 
Ql 
• /QO 


+ 
07· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2· 
Ql 
• 
QO 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
Q2' 
/Ql 
• /QO 


Q6+ = /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3· 
Q2· 
/Ql 
• /QO 


Q5+ = /Q7 
• /Q6' 
Q5· 
/Q4 
• /Q3 
• /Q2 
• /Ql 
• /QO 


+ /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3 
• /Q2 
• /Ql 
• 
QO 


+ /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3 
• /Q2· 
Ql 
• /QO 


+ /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3 
• /Q2· 
Ql 
• 
QO 


+ 
Q7· 
/Q6 
• /Q5' 
Q4· 
/Q3 
• /Q2 
• /Ql 
• /QO 


Q4+ = 
Q7' 
/Q6 
• /Q5 
• /Q4· 
Q3· 
Q2· 
/Ql 
• /QO 


Q3+ = /Q7· 
Q6· 
/Q5 
• /Q4 
• /Q3 
• /Q2 
• /Ql 
• /QO 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4' 
Q3· 
/Q2 
• /Ql 
• /QO 


+ 
Q7' 
/Q6 
• /Q5 
• /Q4' 
Q3· 
/Q2 
• /Ql 
• 
QO 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2· 
Ql 
• /QO 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2· 
Ql 
• 
QO 


Q2+ = /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3 
• /Q2· 
Ql 
• 
QO 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2· 
Ql 
• 
QO 


+ /Q7 
• /Q6· 
Q5' 
/Q4 
• /Q3 
• /Q2 
• /Ql 
• /QO 


• /SENA • SENB 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2 
• /Ql 
• /QO 


• 
SENA· 
SENB 


Ql+ 
= /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3 
• /Q2 
• /Ql 
• 
QO 


+ /Q7 
• /Q6· 
Q5· 
/Q4 
• /Q3 
• /Q2' 
Ql 
• /QO 


+ 
Q7' 
/Q6 
• /Q5 
• /Q4' 
Q3· 
/Q2 
• /Ql 
• 
QO 


+ 
Q7' 
/Q6 
• /Q5 
• /Q4' 
Q3' 
/Q2· 
Ql 
• /QO 
~=~·~·~·~·~·~·rn·~ 
+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2' 
Ql 
• /QO 


+ /Q7 
• /Q6' 
Q5· 
/Q4 
• /Q3 
• /Q2 
• /Ql 
• /QO 


• /SENA • /SENB 


+ 
Q7· 
/Q6 
• /Q5 
• /Q4· 
Q3· 
/Q2 
• /Ql 
• /QO 


• /SENA • /SENB 


+ /Q7 
• /Q6' 
Q5· 
/Q4 
• /Q3 
• /Q2 
• /Ql 
• /QO 


• 
SENA· 
SENB 


07 
= REDA 
= REDB 
06 
= VELA 
05 
= GRNA 
04 
= VELB 
03 
= GRNB 
07 


Figure 
14. State Machine 
Traffic 
Signal 
Controller 
No.2 


(Note 
flip-flops 
are directly 
circuit 
outputs) 


Traffic Signal Controller 


PAL16R8 
PAL DESIGN SPECIFICATION 
TRACNT2 
B. BRAFMAN 07/16/81 
TRAFFIC SIGNAL CONTROLLER No. 2 
MMI FIELD APPLICATIONS 
ENGINEER YORBA LINDA, CALIFORNIA 
CLK /SENA /SENB /INIT NC 
NC NC NC NC GND 
GND /QO /Q1 /Q2 /Q3 /Q4 /Q5 /06 /Q7 VCC 


Q7 
:= /Q7 * 
Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /00 
* /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * /QO * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * 
QO * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * /QO * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * 
00 * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * 
Q2 * /Q1 * /QO * /INIT 


06 
:= /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * 
Q2 * /Q1 * /00 
* /INIT 


Q5 
:= /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /QO 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * /Q1 * 
QO 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * 
Q1 * /00 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * 
Q1 * 
00 
+ 
Q7 * /06 * /Q5 * 
Q4 * /Q3 * /Q2 * /Q1 * /QO 
+ 
INIT 
PRESET THIS BIT FOR INITIALIZATION 
TO STATE SO 


Q4 
:= 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * 
Q2 * /Q1 * /QO * /INIT 


Q3 
:= /Q7 * 
06 * /Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /00 
* /INIT 
+ 
Q7 * /06 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * /00 
* /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * 
00 * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * /00 
* /INIT 
+ 
Q7 * /06 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * 
00 * /INIT 


Q2 
:= /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * 
Q1 * 
00 * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * 
QO * /INIT 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /QO * /INIT * /SENA * 
SENB 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * /00 
* /INIT * 
SENA * 
SENB 


Q1 
:= /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * /Q1 * 
QO * /INIT 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * 
Q1 * /QO * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * 
QO * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * /QO * /INIT 


00 
:= /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * 
Q1 * /QO * /INIT 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * 
Q1 * /QO * /INIT 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /QO * /INIT * /SENA * /SENB 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * /00 
* /INIT * /SENA * /SENB 
+ /Q7 * /Q6 * 
Q5 * /Q4 * /Q3 * /Q2 * /Q1 * /00 
* /INIT * 
SENA * 
SENB 
+ 
Q7 * /Q6 * /Q5 * /Q4 * 
Q3 * /Q2 * /Q1 * /QO * /INIT * 
SENA * 
SENB 


Traffic Signal Controller 


FUNCTION TABLE 


/INIT CLK SENA SENS Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 
;COMMENTS 


--------------------------------------------------------- 


L 
C 
X 
X 
L 
L 
H 
L 
L 
L 
L 
L 
SO 
(INIT) 


H 
C 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
SI 


H 
C 
X 
X 
L 
L 
H 
L 
L 
L 
H 
L 
S2 


H 
C 
X 
X 
L 
L 
H 
L 
L 
L 
H 
H 
S3 


H 
C 
X 
X 
L 
L 
H 
L 
L 
H 
L 
L 
S4 


H 
C 
X 
X 
L 
H 
L 
L 
L 
L 
L 
L 
S5 


H 
C 
X 
X 
H 
L 
L 
L 
H 
L 
L 
L 
S6 


H 
C 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
S7 


H 
C 
X 
X 
H 
L 
L 
L 
H 
L 
H 
L 
S8 


H 
C 
X 
X 
H 
L 
L 
L 
H 
L 
H 
H 
S9 


H 
C 
X 
X 
H 
L 
L 
L 
H 
H 
L 
L 
S10 


H 
C 
X 
X 
H 
L 
L 
H 
L 
L 
L 
L 
Sl1 


H 
C 
X 
X 
L 
L 
H 
L 
L 
L 
L 
L 
so 


H 
C 
L 
H 
L 
L 
H 
L 
L 
H 
L 
L 
S4 


L 
C 
X 
X 
L 
L 
H 
L 
L 
L 
L 
L 
so 
(INIT) 


H 
C 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
so 


H 
C 
H 
H 
L 
L 
H 
L 
L 
L 
L 
H 
SI 


--------------------------------------------------------- 


THIS PAL IS THE SECOND PASS AT THE TRAFFIC SIGNAL CONTROLLER 
IMPLEMENTATION. 
THE FOLLOWING SUBSTITUTIONS ARE MADE FOR STATE 


VARIABLES Q7-QO: 


Q7 = REDA = /REDB 
Q6 = YELA 


Q5 = GRNA 
Q4 = YELB 
Q3 = GRNB 
Q2,Ql,QO = COUNTER 


1 CXXOXXXXXXXHHHHHLHHl 
2 Cl11XXXXXXXLHHHHLHHl 
3 CXXIXXXXXXXHLHHHLHHl 
4 CXXIXXXXXXXLLHHHLHHl 
5 CXXIXXXXXXXHHLHHLHHl 
6 CXXIXXXXXXXHBBHHHLHl 
7 CXXIXXXXXXXHHHLHHHLl 
8 Cl1IXXXXXXXLHHLHHHLl 
9 CXXIXXXXXXXHLHLHHHLl 
10 CXXIXXXXXXXLLHLHHHLl 
11 CXXIXXXXXXXHHLLHHHLI 
12 CXXIXXXXXXXHHHHLHHLl 
13 CXXIXXXXXXXHHHHHLHHl 
14 CI0IXXXXXXXHHLHHLHHl 
15 CXXOXXXXXXXHHHHHLHHl 
16 COIIXXXXXXXHHHHHLHHl 
17 COOIXXXXXXXLHHHHLHHl 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


o --x- ---x x-x- --x- --x- --x- --x- --x- /Q7*Q6*/Q5*/Q4*/Q3*/Q2*/Q1*/QO- 
1 ---x --x- x-x- --x- ---x --x- --x- --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*/QO*- 
2 ---x --x- x-x- --x- ---x --x- --x- ---x Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*QO*/- 
3 ---x --x- x-x- --x- ---x --x- ---x --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*Ql*/QO*/- 
4 ---x --x- x-x- --x- ---x --x- ---x ---x Q7*/Q6*/Q5*/Q4*Q3*/Q2*Q1*QO*/I- 
5 ---x --x- x-x- --x- ---x ---x --x- --x- Q7*/Q6*/Q5*/Q4*Q3*Q2*/Q1*/QO*/- 


8 --x- --x- x--x --x- --x- ---x --x- --x- /Q7*/Q6*Q5*/Q4*/Q3*Q2*/Q1*/QO*- 


16 --x- --x- ---x --x- --x- --x- --x- --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*/Q1*/QO 
17 --x- --x- ---x --x- --x- --x- --x- ---x /Q7*/Q6*Q5*/Q4*/Q3*/Q2*/Q1*QO 
18 --x- --x- ---x --x- --x- --x- ---x --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*Q1*/QO 
19 --x- -x- 
---x --x- --x- --x- ---x ---x /Q7*/Q6*Q5*/Q4*/Q3*/Q2*Q1*QO 
20 ---x --x- --x- ---x --x- --x- --x- --x- Q7*/Q6*/Q5*Q4*/Q3*/Q2*/Q1*/QO 
21 ---- ---- -x-- 
INIT 


32 --x- ---x x-x- --x- --x- --x- --x- --x- /Q7*Q6*/Q5*/Q4*/Q3*/Q2*/Q1*/QO- 
33 ---x --x- x-x- --x- ---x --x- --x- --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*/QO*- 
34 ---x --x- x-x- --x- ---x --x- --x- ---x Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*QO*/- 
35 ---x --x- x-x- --x- ---x --x- ---x --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*Q1*/QO*/- 
36 ---x --x- x-x- --x- ---x --x- ---x ---x Q7*/Q6*/Q5*/Q4*Q3*/Q2*Q1*QO*/I- 


40 --x- --x- x--x --x- --x- --x- ---x ---x /Q7*/Q6*Q5*/Q4*/Q3*/Q2*Q1*QO*/- 
41 ---x --x- x-x- --x- ---x --x- ---x ---x Q7*/Q6*/Q5*/Q4*Q3*/Q2*Q1*QO*/I- 
42 x-x- -xx- x--x --x- --x- --x- --x- --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*/Q1*/QO- 
43 -x-x -xx- x-x- --x- ---x --x- --x- --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*/QO*- 


48 --x- --x- x--x --x- --x- --x- --x- ---x /Q7*/Q6*Q5*/Q4*/Q3*/Q2*/Q1*QO*- 
49 --x- --x- x--x --x- -x- 
--x- ---x --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*Q1*/QO*- 
SO ---x --x- x-x- --x- ---x --x- --x- ---x Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*QO*/- 
51 ---x --x- x-x- --x- ---x --x- ---x --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*Q1*/QO*/- 


56 --x- --x- x--x --x- --x- --x- ---x --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*Q1*/QO*- 
57 ---x --x- x-x- --x- ---x --x- ---x --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*Q1*/QO*/- 
58 x-x- x-x- x--x --x- --x- --x- --x- --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*/Q1*/QO- 
59 x--x x-x- x-x- --x- ---x --x- --x- --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*/QO*- 
60 -xx- -xx- x--x --x- --x- --x- --x- --x- /Q7*/Q6*Q5*/Q4*/Q3*/Q2*/Q1*/QO- 
61 -x-x -xx- x-x- --x- ---x --x- --x- --x- Q7*/Q6*/Q5*/Q4*Q3*/Q2*/Q1*/QO*- 


1 -t> 


012 
J 
" 
~ 
Ii 
, 
• 
9101' 
1213 
U 
1~ 
16111819 
20211223 
20~2621 
282930Jl 


0 
I 


~ 


2 
"'" 
~ 
J 
" 
. 
J 


~ 


,, 


I 


1 
••• 
... 
--t 
., 
r" 
, 


9 


~ 
" 
"'" 


~1- 


" 
18 


" 
./ 


1J 


14 
" 
J 
•••• 
...• 
--t 
..• 


"" 


~ 


" 
"'" 
M 


" 
20 
F 


"" 
2J 


4 
~ 
, 


" 


~ 


"" 


~ 


21 
" 
28 
/ 


" 
JO 
" 
, 
•.. 
~ 
---i ., 
~ 
...• 


J2 


JJ 
~ 
" 
" 
" 
" 
16 
..../ 


~ 


V 
" 
J8 
" 
ij 
•• 
~ 
--f~ 
...• 


"" 
~ 
"" 


"" 


~ 


14 
" 
J 
V 
""" 
I 
••• 
~ 
'----I 


...• 


"'" 


~ 


\0 
"'" 
" 
>l 
/ 
Ul 


>l 
" 
II 
, 
•.. 
~ 
---t .> 


"" 


~ 


\8 
\8 
" 
" 
J 


~ 


"" 
6J 


" 
.. 
~ 
-<}:-- " 
.. 
....• 


32·Bit CRC (Cyclical 
Redundancy Checking) 
Error Detection 


PAL20X8 
PAL20X8 
PAL20X8 


ClK 
vcc 
VCC 
ClK 
VCC 


INIT 
CHKl 
CHK2 
INIT 
CHK3 


C 
00 
08 
C 
Q16 


Q1 
09 
IN 
017 


031 
02 
010 
015 
018 


NC 
03 
031 
011 
em 
019 


NC 
04 
012 
NC 
020 


NC 
05 
013 
NC 
021 


014 
NC 
022 


NC 
Q7 
NC 
015 
NC 
023 


NC 
NC 
NC 
NC 


GND 
OC 
GND 
OC 
GND 
oc 


4·301 


PAL20X10 


ClK 
VCC 


INIT 
CHECK 


C 
024 


IN 
025 


023 
026 


NC 
027 


NC 
028 
D 
NC 
029 


CHKl 
030 


CHK2 
031 


CHK3 
OUT 


OC 


USING PALS 


Programmable Array Logic Devices Provide 


Efficient Implementation of Popular Local Network 


Error Checking Protocol 


There 
is a growing 
interest 
in providing 
data communication 


links 
to connect 
several 
processors 
and 
peripherals 
into 
one 


local 
area 
network. 
One of the most 
popular 
networks 
is the 


Ethernet. 
To insure 
reliable 
communications 
in the network 
an 


efficient 
error 
detection 
scheme 
is 
required. 
The 
Ethernet 


protocol 
specifies 
a 32-bit cycle redundancy 
which 
must operate 


at 10 Mbits/sec. 


The following 
application 
opens with a tutorial 
on the CRC and 


then 
shows 
a detailed 
implementation 
of the 
Ethernet 
CRC 


using 
PAL. The use of fuse programmable 
devices 
allows 
easy 


modification 
to 
accommodate 
other 
data 
communications 


protocols 
as well as other applications 
(CRC in disk drives, etc.). 


that operate 
at rates up to 13 Mbits/sec. 


The growing 
number 
of high speed digital 
links and the need for 


reliable 
communication 
requires 
implementation 
of 
efficient 


error 
detection 
schemes 
at rates of 10 Mbits/sec 
and higher. 
A 


32-bit 
CRC using 
PALs meets these requirements. 


CRC 
is the acronym 
for 
Cyclic 
Redundancy 
Check, 
an error 


detection 
technique 
widely 
used in serial 
communication 
sys- 


tems from computer 
to computer 
or from computer 
to peripheral 


devices. 
This 
technique 
operates 
on serial 
bits of information 


treated 
as the 
coefficients 
of a binary 
polynomial, 
P(x), 
and 


processes 
these 
bits in modul0-2 
arithmetic. 


The 
basic 
coding 
concept 
of the CRC 
is to modify 
the poly- 


nomial, 
P(x). so that it is exactly 
divisible 
by a fixed 
polynomial, 
G(x); the divisor 
G(x) is referred 
to as the generator 
polynomial. 


The modified 
polynomial, 
M(x), is transmitted. 
M(x) is divided 
by 


the same G (x) when received 
or fetched. 
If the remainder 
is zero, 
all bits 
are assumed 
to be correct; 
otherwise, 
a flag 
is set to 


indicate 
an error. 


A 6-bit message 
(101110) can be represented 
in polynomial 
form 


as: 


P(x) = 1 + 0 x + 1 x' + 1 x' + 1 x' + 0 x5 
or 
P(x) = x' + x' + x' + 1 


The 
highest 
power 
of x is attached 
to the least significant 
bit 


(LSB). 
The 
LSB 
is the first 
bit transmitted 
in communication 


channels. 
In general 
P(x) will not be exactly 
divisible 
by G(x); the 


division 
will 
generate 
a quotient, 
Q(x), 
and a remainder, 
R(x). 


P(x) is prescaled 
to insure 
that the order 
of PIx) is greater 
than 
the order 
of G (x) so that the remainder 
is always 
different 
than 
the message 
itself. 


Specifically, 
PIx) 
is prescaled 
by xn where 
n is the degree 
of 


G(x). 


The operation 
is performed 
using 
modul0-2 
arithmetic 
where 
the sum and difference 
are synonymous. 


Equation 
1 can equivalently 
be written 
as: 


M(x) is exactly 
divisible 
by G(x) and it is M(x) that is transmitted. 


The message 
M(x) is formed 
by adding 
the remaining 
bits, R(x). 


of a fixed 
length 
n to the message 
bits. Because 
the message 
was prescaled, 
addition 
is equivalent 
to appending 
the remain- 
der at the end of the data bits. For the example 
given (remember- 


ing that 
LSB 
is sent 
first) 
the information 
transmitted 
is: 011 
101110. Three 
redundancy 
bits are appended 
to facilitate 
error 
detection. 


In conclusion 
when performing 
eRC, the transmitter 
will gener- 
ate and 
append 
R(x) 
while 
the 
receiver 
will 
verify 
the 
exact 


division 
of M(x) by G(x) and signal 
the occurrence 
of an error. 


Compared 
to 
other 
error 
detection 
schemes 
such 
as parity 


checking 
CRC is more powerful: 


• 
all errors 
within 
n successive 
bits are detected 


• 
for even G(x) all errors with an odd numberof 
bits in error are 


detected 
(50% of all possible 
random 
errors) 


• 
all error 
patterns 
that are not divisible 
by G(x) are detected 


CRC 
is also 
more 
efficient 
(for 
large 
frame 
of information). 


Efficiency 
is defined 
as the number 
of data bits divided 
by the 


total 
number 
of bits transmitted. 
For example: 
in the Ethernet 


specification the number of data bits ranges from 60 to 1500 
bytes, the total number of bits transmitted will contain only an 
extra 32-bits (if32-bit CRC is used) instead of an extra 60to 1500 
parity bits (if we assume one parity bit per byte of information is 
used.) 


A binary division that ignores the quotient but retains the 
remainder, R(x). is conventionally 
implemented with a shift 
register. A feedback path from the output of the last stage 
returns to the input of the stagescorresponding to the powers of 
x that have non zero coefficient in the generating polynomial. At 
each such input, a modul0-2 adder (Exclusive OR) combines the 
feedback signal with the output from the previous stage. 


This is equivalent to a shift subtract on each clock cycle. The 
example in Fig. 1shows a 32-bit CRC where G(x). the generator 
polynomial, (used in ETHERNET and AUTOBAUD II) is given 
by: 


G(x) 
= X32 + x26 + X23 + X22 + X16 + X12 + xl1 
+ xlO + 
x8 + x7 + x5 + x4 + x2 + X + 1 


1l'ansmltter 
operation: 


1. Initialize shift register to all Hs. (INIT = H) 


2. Data is shifted in the feedback shift register to generate R(x) 
and fed to the output. (Control C = H) 


3. After last data bit has been processed, the complimented 


R(x) is shifted out for transmission. (Control C = L) 


Receiver 
operation: 


1. Initialize shift register to all Hs. 


2. Data is shifted in the feedback shift register to regenerate 
R(x). 


3. After last data bit has been processed, Control remains High 


and the complement of R(x) is shifted (as generated by 
transmitter) . 


If the two R(x) match, the final content of the shift register is: 
X31 
XO 


11000111000001001101110101111011 (residue) 


4) 
This value is tested. (Check = L indicates no error, as 
shown in Fig. 2) 


The same hardware can perform both the transmitter 
and 


receiver function if the respective inputs are multiplexed. 


Four PALs are used to implement the 32-bit CRC. This con- 
figuration 
can process serial streams of data at rates of 10 


Mbits/sec. The PAL interconnections are shown in Fig. 2. Eight 
bits of the 32-bit shift register are distributed in each PAL. The 
logic to check forthe residue is distributed among the four PALs 
as shown in Fig. 3. 


The lack of standardization in data communication equipment 
makes the use of PALsvery attractive due to their flexibility and 
easeof design modification. A good example is this 32-bit CRC 
which achieves the speed requirements of 13 Mbits/sec while 
being cost effective. 


The Ethernet, A Local Area Network, Data Link Layer and 
Physical Layer Specifications, version 1.0 (joint publication of 
Digital Equipment Corp., Intel Corp., and Xerox Corp., 1980). 
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PAL20X8 
CRC1 
32-BIT CRC 
(CYCLICAL REDUNDANCY CHECKING) 


MMI SUNNYVALE, CALIFORNIA 
CLK INIT C IN /Q31 NC NC NC NC NC NC GND 
/OC NC /Q7 /Q6 /Q5 /Q4 /Q3 /Q2 /Q1 /00 /CHKl 


PAL DESIGN SPECIFICATION 


NADIA SACHS 08/14/81 


ERROR DETECTION, CHIP 1 


__ 
"'!!.a. 
•••.••• 
_______ 
.•.• 
____ 
.a.!! ___ 


Q 
3 
QQQQQQQQ 


;CLK 
/oe 
INIT 
C 
IN 
1 
76543210 
CHIU 


------------------------------------------------- 


C 
L 
H 
X 
X 
X 
HARBRBRA 
X 


C 
L 
L 
H 
L 
H 
LHLLHLLH 
X 


C 
L 
L 
H 
L 
H 
LLHLLHLH 
X 


C 
L 
L 
H 
L 
H 
t1BHHl1HLH 
X 


C 
L 
L 
H 
L 
H 
LHLLHHLH 
X 


C 
L 
L 
H 
L 
H 
LLHLHHLH 
X 


C 
L 
L 
H 
L 
H 
HHHLHHLH 
X 


C 
L 
L 
H 
L 
L 
HHLHHLHL 
X 


C 
L 
L 
H 
L 
L 
HLHHLHLL 
X 


C 
L 
L 
H 
L 
L 
LHHLHLLL 
X 


C 
L 
L 
H 
L 
H 
LHHLLHHH 
X 


C 
L 
L 
H 
L 
L 
HHLLHHHL 
X 


C 
L 
L 
H 
L 
L 
HLLHHHLL 
X 


C 
L 
L 
H 
L 
H 
HLLLHHHH 
X 


C 
L 
L 
H 
L 
H 
HLHLHLLH 
X 


C 
L 
L 
H 
L 
H 
HHHLLHLH 
X 


C 
L 
L 
H 
L 
H 
LHHHHHLH 
X 


C 
L 
L 
H 
L 
L 
HHHHHLHL 
X 


C 
L 
L 
H 
L 
L 
HHHHLHLL 
X 


C 
L 
L 
H 
L 
L 
HHHLHLLL 
X 


C 
L 
L 
H 
L 
L 
HHLHLLLL 
X 


C 
L 
L 
H 
L 
L 
HLHLLLLL 
X 


C 
L 
L 
H 
L 
L 
LHLLLLLL 
X 


C 
L 
L 
H 
L 
L 
HLLLLLLL 
X 


C 
L 
L 
H 
L 
L 
LLLLLLLL 
X 


C 
L 
L 
H 
L 
H 
HLHHLHHH 
X 


C 
L 
L 
H 
L 
L 
LHHLHHHL 
X 


C 
L 
L 
H 
L 
H 
LHHLHLHH 
X 


C 
L 
L 
H 
L 
H 
LHHLLLLH 
X 


C 
L 
L 
H 
L 
L 
HHLLLLHL 
X 


C 
L 
L 
H 
L 
H 
LLHHLLHH 
X 


C 
L 
L 
H 
L 
L 
LHHLLHHL 
X 


C 
L 
L 
H 
L 
H 
LmmHLHH 
X 


C 
L 
X 
X 
X 
X 
XXXXXXXX 
H 


------------------------------------------------- 


DESCRIPTION 


FIRST 
a-BIT 
SHIFT 
REGISTER 
AND CHECK. 


1 CIXXXXXXXXXXOXLLLLLLLLXl 
2 COI00XXXXXXXOXHLHHLHHLXl 
3 COI00XXXXXXXOXHHLHHLBLXl 
4 COI00XXXXXXXOXLLLLLLBLXl 
5 COI00XXXXXXXOXBLHHLLBLXl 
6 COI00XXXXXXXOXHHLBLLBLXl 
7 COI00XXXXXXXOXLLLHLLBLXl 
8 COI0IXXXXXXXOXLLBLLBLBXl 
9 COI0IXXXXXXXOXLBLLBLHHXl 
10 COI0IXXXXXXXOXHLLBLHHHXl 
11 COI00XXXXXXXOXBLLHHLLLXl 
12 COI0IXXXXXXXOXLLHHLLLHXl 
13 COI0IXXXXXXXOXLHHLLLHHXl 
14 COI00XXXXXXXOXLHBBLLLLXl 
15 COI00XXXXXXXOXLBLBLHHLXl 
16 COI00XXXXXXXOXLLLHHLBLXl 
17 COI00XXXXXXXOXBLLLLLBLXl 
18 COI0IXXXXXXXOXLLLLLBLBXl 
19 COI0IXXXXXXXOXLLLLBLHHXl 
20 COI0IXXXXXXXOXLLLBLHHBXl 
21 COI0IXXXXXXXOXLLBLHHHHXl 
22 COI0lXXXXXXXO XLBLHHHHHXl 
23 COI0IXXXXXXXOXHLHHHHHHX1 
24 COI0IXXXXXXXOXLBHHHHHHXl 
25 COI0IXXXXXXXOXHHHHHHHHXl 
26 COI00XXXXXXXOXLBLLBLLLXl 
27 COI0IXXXXXXXOXBLLBLLLHXl 
28 COI00XXXXXXXOXHLLBLHLLXl 
29 COI00XXXXXXXOXHLLHHHHLXl 
30 COI0IXXXXXXXOXLLHHHHLHXl 
31 COI00XXXXXXXOXHHLLHHLLXl 
32 COI0IXXXXXXXOXBLLHHLLHXl 
33 COI00XXXXXXXOXBLLLLBLLXl 
34 CXXXXXXXXXXXOXXXXXXXXXLI 


32·Bit CRC Error Detection 


32-BIT CRC 
(CYCLICAL REDUNDANCY 
CHECKING) 
ERROR DETECTION, 
CHIP 1 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


0 
1 
--x 
---x --x- ---x ---x ---x ---x --x- 
QO*Q1*/Q2*Q3*Q4*Q5*Q6*/- 


8 -x-- x--- x--- 
/INIT*IN*C 


9 -x-- x--- x--- 
/INIT*IN*C 


10 
x--- 
-x-- 
Q31*C 


11 x--- 
INIT 


16 -x- 
x--- x--- x--- 
/INIT*C*IN*/Q31 


17 -x-- x--- -x-- -x-- 
/INIT*C*/IN*Q31 


18 
---x ---- 
QO 


19 x--- 
INIT 


24 -x-- x--- x--- x--- 
/INIT*C*IN*/Q31 


25 -x-- x--- -x-- -x-- 
/INIT*C*/IN*Q31 


26 
---x 
Q1 


27 x--- 
INIT 


32 
---x 
Q2 


33 x--- 
INIT 


40 -x-- x--- x--- x--- 
/INIT*C*IN*/Q31 


41 -x-- x--- -x-- -x-- 
/INIT*C*/IN*Q31 


42 
---x ---- 
Q3 


43 x--- 
INIT 


48 -x-- x--- x--- x--- 
/INIT*C*IN*/Q31 


49 -x-- x--- -x-- -x-- 
/INIT*C*/IN*Q31 


50 
---x 
Q4 


51 x--- 
INIT 


56 
---x 
Q5 


57 x--- 
INIT 


64 -x-- x--- x--- x--- 
/INIT*C*IN*/Q31 


65 -x-- x--- -x-- -x-- 
/INIT*C*/IN*Q31 


66 
---x 
Q6 


67 x--- 
INIT 


1 
•.... 
V 


e121 
• 
~ i 
, 
l'IDll 
1l 
II 14 1~ 
1'111111 
lOlllZJJ 
24 
l§ 
11 11 
11 11 lO]l 
11ll34U 
15)J 
3131 


· 
- 


, 
J 
23 


I 
-~ ..r-v 
, 
. 


2 ~ 


· 
:RroD- 


~~ 
· 


22 
.. 
::::-== 


" 
-t5-L 


3 


.. 
IDD- 


~ 


'""J. 


" 


21 


" 
V 


" 


4 


" 
-Q~D- 
IJ 
" 


~ 


20 


" 


::::-::.. 
•.... 


" 
-t).J 


5 
. 


Jl 
~D- 


~ 


IJ 
" 


19 


" 
•.. 


" 


lQ{ 
J 
..., 


6 


.. 
'""J. 


" 
IDD- 


~ 


18 


" 
V 


" 
::1:P 


7 
. 


~D- 


'""J. 
.. 
-b-J 
.. 
fJl 


17 
.. 
V 


" 
- 


8 
- - 
'""J. 
.. 
-KJ OD- 


~ 


" 


16 
.. 
:::::- 
V 
.. 
Ie< 
J 


9 


.. 


~D~ 
IJ 
.. 
15 


" 
--v" 


" 


10 


" 
~ 


" 
J 
14 


"" 


•... 
~ 


~'> 
-<Jo- 
13 


- - --. --- 
- 
MMI SUNNYVALE, 
CALIFORNIA 
CLK INIT C IN /Q7 /Q31 NC NC NC NC NC GND 
/OC NC /Q15 /Q14 /Q13 /Q12 /Qll /Ql0 /Q9 /Q8 /CHK2 VCC 


CHK2 = 
Q8*/Q9* 
Ql0* Qll* Q12*/Q13* 
Q14* Q15 
:CHECK BIT 2 


Q8 
:= 
/INIT* C* IN*/Q31 
:MODULo-2 
+ 
/INIT* C*/IN* Q31 
:ADDITION 
:+: 
Q7 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q9 
:= 
Q8 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Ql0 
:= 
/INIT* C* IN*/Q31 
:MODULo-2 
+ 
/INIT* C*/IN* Q31 
:ADDITION 
:+: 
Q9 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Qll 
:= 
/INIT* C* IN*/Q31 
:MODULO-2 
+ 
/INIT* C*/IN* Q31 
:ADDITION 
:+: 
Ql0 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q12 
:= 
/INIT* C* IN*/Q31 
:MODULo-2 
+ 
/INIT* C*/IN* Q31 
:ADDITION 
:+: 
Qll 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q13 
:= 
Q12 
:SHIFT 
+ 
INIT' 
:INITIALIZE 


Q14 
:= 
Q13 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q15 
:= 
Q14 
:SHIFT 
+ 
INIT 
:INITIALIZE 


32·Bit CRC Error Detection 


FUNCTION 
TABLE 


CLK !oe 
INIT 
C 
IN 
Q7 
Q31 
Q15 
Q14 
Q13 
Q12 
Q11 
Q10 
Q9 
Q8 
CHK2 


Q 
QQQQQQQQ 


Q 
3 
111111 


;CLK 
!oe 
INIT 
C 
IN 
7 
1 
54321098 
CHK2 


------------------------------------------------------ 


C 
L 
B 
X 
X 
X 
X 
BHBBHHBB 
X 


C 
L 
L 
B 
L 
B 
B 
BHHLLLBL 
L 


C 
L 
L 
B 
L 
L 
B 
BBLBBLLB 
L 


C 
L 
L 
B 
L 
L 
B 
BLBLBHBH 
X 


C 
L 
L 
B 
L 
B 
B 
LBLLLLBL 
X 


C 
L 
L 
B 
L 
L 
B 
BLLBBLLB 
X 


C 
L 
L 
B 
L 
L 
B 
LLBLBHHB 
X 


C 
L 
L 
B 
L 
B 
L 
LBLBHBHH 
X 


C 
L 
L 
B 
L 
B 
L 
BLBBHHBH 
X 


C 
L 
L 
B 
L 
B 
L 
LARRABHH 
X 


C 
L 
L 
B 
L 
L 
B 
BHHLLLBH 
X 


C 
L 
L 
B 
L 
L 
L 
BBLLLBBL 
X 


C 
L 
L 
B 
L 
B 
L 
BLLLBHLB 
X 


C 
L 
L 
B 
L 
B 
B 
LLLLLBBL 
X 


C 
L 
L 
B 
L 
B 
B 
LLLBLLLL 
X 


C 
L 
L 
B 
L 
B 
B 
LLBHBHLL 
X 


C 
L 
L 
B 
L 
B 
B 
LBHLLBLL 
X 


C 
L 
L 
B 
L 
L 
L 
BBLLBLLL 
X 


C 
L 
L 
B 
L 
B 
L 
BLLBLLLB 
X 


C 
L 
L 
B 
L 
B 
L 
LLBLLLBH 
X 
OIl 
C 
L 
L 
B 
L 
B 
L 
LBLLLBBH 
X 


C 
L 
L 
B 
L 
B 
L 
BLLLBBHB 
X 


C 
L 
L 
B 
L 
B 
L 
LLLBBHBB 
X 


C 
L 
L 
B 
L 
L 
L 
LLBHBHHL 
X 


C 
L 
L 
B 
L 
B 
L 
LBHBHHLB 
X 


C 
L 
L 
B 
L 
L 
B 
BHHLLBBH 
X 


C 
L 
L 
B 
L 
B 
L 
BBLLBHBH 
X 


C 
L 
L 
B 
L 
L 
B 
BLLLLLBB 
X 


C 
L 
L 
B 
L 
L 
B 
LLLBBLBB 
X 


C 
L 
L 
B 
L 
L 
L 
LLBHLBBL 
X 


C 
L 
L 
B 
L 
B 
B 
LBHHLLLL 
X 


C 
L 
L 
B 
L 
L 
L 
BHHLLLLL 
X 


C 
L 
L 
B 
L 
L 
B 
BHLBHHLB 
X 


C 
L 
X 
X 
X 
X 
X 
XXXXXXXX 
B 


------------------------------------------------------ 


DESCRIPTION 


SECOND a-BIT 
SHIFT 
REGISTER 
AND CHECK. 


1 C1XXXXXXXXXXOXLLLLLLLLXl 
2 C01000XXXXXXOXLLLHHHLHHl 
3 C01010XXXXXXOXLLHLLHHLHl 
4 C01010XXXXXXOXLHLHLLLLXl 
5 C01000XXXXXXOXHLHHBBLHX1 
6 C01010XXXXXXOXLHHLLHHLXl 
7 C01010XXXXXXOXHHLHLLLLXl 
8 C01001XXXXXXOXHLHLLLLLXl 
9 C01001XXXXXXOXLHLLLLLLXl 
10 C01001XXXXXXOXHLLLLLLLXl 
11 C01010XXXXXXOXLLLHHHLLXl 
12 C01011XXXXXXOXLLBBHLLHX1 
13 C01001XXXXXXOXLBHHLLHLXl 
14 C01000XXXXXXOXBHHHHI.T.HX1 
15 C01000XXXXXXOXHHHLHHBBXl 
16 C01000XXXXXXOXHHLLLLHBXl 
17 C01000XXXXXXOXHLLHHLHBXl 
18 C01011XXXXXXOXLLHHLBBBXl 
19 C01001XXXXXXOXLHHLHHHLXl 
20 C01001XXXXXXOXHHLHHHLLXl 
21 C0100 1XXXXXXOXHLBBHLLLXl 
22 C01001XXXXXXOXLHHHLLLLXl 
23 C01001XXXXXXOXHHHLLLLLXl 
24 C01011XXXXXXOXBBI.T.Y.T.T,HX1 
25 C01001XXXXXXOXHLLLLLHLXl 
26 C01010XXXXXXOXLLLHHLLLXl 
27 C01001XXXXXXOXLLHHLLLLXl 
28 C01010XXXXXXOXLBBBHHLLXl 
29 C01010XXXXXXOXBBHLLHLLX1 
30 C01011XXXXXXOXHHLLHLLHX1 
31 C01000XXXXXXOXHLLLHHBBXl 
32 C01011XXXXXXOXLLLHHHHHXl 
33 C01010XXXXXXOXLLHLLLHLXl 
34 CXXXXXXXXXXXOXXXXXXXXXL1 


32·Bit CRC Error Detection 


32-BIT CRC 
(CYCLICAL REDUNDANCY 
CHECKING) 
ERROR DETECTION, 
CHIP 2 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


0 
1 
--x 
--x- ---x --x 
---x --x- ---x ---x 
Q8*/Q9*Q10*Q11*Q12*/Q13- 


8 -x-- x--- x--- 
x--- 
/INIT*C*IN*/Q31 


9 -x-- x--- -x-- 
-x-- 
/INIT*C*/IN*Q31 


10 
-x-- 
Q7 


11 x--- 
INIT 


16 
--x 
Q8 


17 x--- 
INIT 


24 -x- 
x-- 
x--- 
x-- 
/INIT*C*IN*/Q31 


25 -x-- x--- -x-- 
-x-- 
/INIT*C*/IN*Q31 


26 
---x ---- 
Q9 


27 x--- 
INIT 


32 -x- 
x-- 
x--- 
x-- 
/INIT*C*IN*/Q31 


33 -x-- x-- 
-x-- 
-x-- 
/INIT*C*/IN*Q31 


34 
---x 
Q10 


35 x--- 
INIT 


40 -x-- x-- 
x--- 
x-- 
/INIT*C*IN*/Q31 


41 -x-- x--- -x-- 
-x-- 
/INIT*C*/IN*Q31 


42 
---x 
Q11 


43 x--- 
INIT 


48 
---x 
Q12 


49 x--- 
INIT 


56 
---x 
Q13 


57 x--- 
INIT 


64 
---x 
Q14 


65 x--- 
INIT 
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PAL20X8 
CReJ 
32-BIT 
CRC 
(CYCLICAL 
REDUNDANCY 
CHECKING) 
MMI 
SUNNYVALE, CALIFORNIA 
CLK 
INIT C IN /Q15 /Q31 NC NC NC NC NC GND 
/OC NC /Q23 /Q22 /Q21 /Q20 /Q19 /Q18 /Q17 /Q16 


PAL DESIGN 
SPECIFICATION 
NADIA 
SACHS 
08/14/81 
ERROR 
DETECTION 
CHIP 3 


CHK3 
z 
/Q16*/Q17* 
Q18*/Q19*/Q20*/Q21*/Q22*/Q23 
:CHECK BIT 3 


Q16 
:'"' 
/INIT* 
C* IN*/Q31 
:MODULo-2 
+ 
/INIT* 
C*/IN* 
Q31 
:ADDITION 
:+: 
Q15 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q17 
0= 
Q16 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q18 
:- 
Q17 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q19 
:= 
Q18 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q20 
:= 
Q19 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q21 
:= 
Q20 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q22 
:= 
/INIT* 
C* IN*/Q31 
:MODULo-2 
+ 
/INIT* 
C*/IN* 
Q31 
:ADDITION 
:+: 
Q21 
:SHIFT 
+ 
INIT 
:INITIALIZE 


Q23 
:z 
/INIT* 
C* IN*/Q31 
:MODULo-2 
+ 
/INIT* 
C*/IN* 
Q31 
:ADDITION 
:+: 
Q22 
:SHIFT 
+ 
INIT 
:INITIALIZE 


32·Bit CRC Error Detection 


FUNCTION 
TABLE 


CLK /oe 
INIT 
C IN 
Q15 
Q31 
Q23 
Q22 
Q21 
Q20 
Q19 
Q18 
Q17 
Q16 
CHK3 


Q 
Q 
QQQQQQQQ 
1 
3 
22221111 


;CLK 
/oe 
INIT 
C 
IN 
5 
1 
32109876 
CHK3 


----------------------------------------------------- 


C 
L 
H 
X 
X 
X 
X 
HHHHHHHH 
X 


C 
L 
L 
H 
L 
H 
H 
LLHHHHHL 
L 


C 
L 
L 
H 
L 
H 
H 
HLHHHHLL 
L 


C 
L 
L 
H 
L 
H 
H 
HLHHHLLL 
X 


C 
L 
L 
H 
L 
H 
H 
HLHHLLLL 
X 


C 
L 
L 
H 
L 
L 
H 
HLHLLLLH 
X 


C 
L 
L 
H 
L 
H 
H 
HLLLLLHL 
X 


C 
L 
L 
H 
L 
L 
L 
LLLLLHLL 
X 


C 
L 
L 
H 
L 
L 
L 
LLLLHLLL 
X 


C 
L 
L 
H 
L 
H 
L 
LLLHLLLH 
X 


C 
L 
L 
H 
L 
L 
H 
HHHLLLHH 
X 


C 
L 
L 
H 
L 
H 
L 
HHLLLHHH 
X 


C 
L 
L 
H 
L 
H 
L 
HLLLHHHH 
X 


C 
L 
L 
H 
L 
H 
H 
HHLHHHHL 
X 


C 
L 
L 
H 
L 
L 
H 
LHHHHHLH 
X 


C 
L 
L 
H 
L 
L 
H 
LLHHHLHH 
X 


C 
L 
L 
H 
L 
L 
H 
HLHHLHHH 
X 


C 
L 
L 
H 
L 
L 
L 
LHm.HHHL 
X 


C 
L 
L 
H 
L 
H 
L 
HHLHHHLH 
X 


C 
L 
L 
H 
L 
H 
L 
HLHHHLHH 
X 
DI 
C 
L 
L 
H 
L 
L 
L 
LHHHLHHL 
X 


C 
L 
L 
H 
L 
L 
L 
HHHLHHLL 
X 


C 
L 
L 
H 
L 
H 
L 
HHLHHLLH 
X 


C 
L 
L 
H 
L 
L 
L 
HLHHLLHL 
X 


C 
L 
L 
H 
L 
L 
L 
LHHLLHLL 
X 


C 
L 
L 
H 
L 
L 
H 
LLLLHLLH 
X 


C 
L 
L 
H 
L 
H 
L 
LLLHLLHH 
X 


C 
L 
L 
H 
L 
H 
H 
HHHLLHHL 
X 


C 
L 
L 
H 
L 
H 
H 
LLLLHHLL 
X 


C 
L 
L 
H 
L 
L 
L 
LLLHHLLL 
X 


C 
L 
L 
H 
L 
L 
H 
HHHHLLLH 
X 


C 
L 
L 
H 
L 
L 
L 
HHHLLLHL 
X 


C 
L 
L 
H 
L 
H 
H 
LLLLLHLL 
X 


C 
L 
X 
X 
X 
X 
X 
XXXXXXXX 
H 
---------------------------------------------------- 


1 C1XXXXXXXXXXOXLLLLLLLLXl 
2 C01000XXXXXXOXHBLLLLLHHl 
3 C01000XXXXXXOXLHLLLLHBHl 
4 C01000XXXXXXOXLBLLLHBHXl 
5 C01000XXXXXXOXLBLLHHBHXl 
6 C01010XXXXXXOXLBLHBBHLX1 
7 C01000XXXXXXOXLHHHHHLHXl 
8 C01011XXXXXXOXHHHHHLHBXl 
9 C01011XXXXXXOXBHHBLHBHXl 
10 C01001XXXXXXOXHHHLHHHLXl 
11 C01010XXXXXXOXLLLHHHLLXl 
12 C01001XXXXXXOXLLHHHLLLXl 
13 C01001XXXXXXOXLBBBLLLLXl 
14 C01000XXXXXXOXLLBLLLLHXl 
15 C01010XXXXXXOXBLLLLLHLXl 
16 C01010XXXXXXOXHBLLLBLLXl 
17 C01010XXXXXXOXLBLLHLLLXl 
18 C01011XXXXXXOXBLLHLLLHXl 
19 C01001XXXXXXOXLLHLLLHLXl 
20 C01001XXXXXXOXLHLLLBLLXl 
21 C01011XXXXXXOXHLLLBLLHXl 
22 COIOllXXXXXXOXLLLBLLHBXl 
23 COIOOIXXXXXXOXLLBLLBBLXl 
24 COI011XXXXXXOXLBLLBBLHXl 
25 C01011XXXXXXOXBLLBBLHBXl 
26 C01010XXXXXXOXBHHBLBBLXl 
27 C01001XXXXXXOXHHHLBBLLXl 
28 COIOOOXXXXXXOXLLLBBLLHXl 
29 COIOOOXXXXXXOXHHHBLLHBXl 
30 COI011XXXXXXOXHHHLLHHHXl 
31 C01010XXXXXXOXLLLLHHHLXl 
32 COI011XXXXXXOXLLLHHHLHXl 
33 C01000XXXXXXOXHHHBBLHHXl 
34 CXXXXXXXXXXXOXXXXXXXXXLI 


32·Bit CRC Error Detection 


32-BIT CRC 
(CYCLICAL REDUNDANCY 
CHECKING) 
ERROR DETECTION 
CHIP 3 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


0 
1 
-x- 
-x- 
---x --x- --x- --x- --x- --x- 
/Q16*/Q17*Q18*/Q19*/Q20- 


8 -x-- x--- x--- 
x--- 
/INIT*C*IN*/Q31 


9 -x-- x--- -x-- 
-x-- 
/INIT*C*/IN*Q31 


10 
-x-- 
Q15 


11 x--- 
INIT 


16 
--x 
Q16 


17 x--- 
INIT 


24 
---x 
Q17 


25 x--- 
INIT 


32 
---x 
Q18 


33 x--- 
INIT 


40 
---x 
Q19 


41 x--- 
INIT 


48 
---x 
Q20 


49 x--- 
INIT 


56 -x-- x--- x--- 
x--- 
/INIT*C*IN*/Q31 
57 -x-- x-- 
-x- 
-x-- 
/INIT*C*/IN*Q31 
58 
---x 
Q21 


59 x--- 
INIT 


64 -x-- x--- x--- 
x--- 
/INIT*C*IN*/Q31 
65 -x-- x--- -x-- 
-x-- 
/INIT*C*/IN*Q31 
66 
---x 
Q22 


67 x--- 
INIT 


1 -t> 


01 
l) 
4 
~ 
I 
, 
1"Dll 
lZ 
13 14 IS 
111111" 
10 H 
H 
lJ 
24 
H 
24 Z1 
11 ltlO 
l1 
Ul)MJS 
li)lU)t 


· 
- 
, 
\-{ 
.......J 


I 


1.0( 
23 


, 
IA( 
j 
V 


.~ 
- 
.....,. 
· 
_OD- 


~~ 
· 


22 
" 
- 


" 


3 


" 
IDD- 


~ 


~ 
" 


21 


"" 
><V 
••••• 


4 
~ 
" 
~D- 
*" 


IS 


~ 


20 


" 
II 


5 
~ 
~ 
- 
r.:L 
" 
~=:OD- 
" 


~ 


19 


,. 


"'" 
" 


L 
.. 
~roD- 
r-J 
" 


~ 


18 


" 
~:::.. 
-V 


" 


7 


- - 
IJ 
.. 
g~[> tl] 


.. 
17 


" 
V 


" 


8 


- - 
IJ 


w 
" 
;:=9D-tll 


16 


" 
V 


" 
-b-J 


9 
~ 


.. 
~~[>tll 
IJ 
.. 
15 
.. 
V 


" 


10 


" 
- 


" 


IA( 
.J 


" 


14 
.. 
OAt 
L~ 
V 
.... 


~> 


.A... 
13 
.....•. 


32-BIT CRC 
(CYCLICAL REDUNDANCY 
CHECKING) 
ERROR DETECTION, 
CHIP 4 
MMI SUNNYVALE, 
CALIFORNIA 
CLK INIT C IN /Q23 NC NC NC /CRKl /CRK2 /CRK3 GND 
/oe /OUT /Q31 /Q30 /Q29 /Q28 /Q27 /Q26 /Q25 /Q24 /CHECK 
VCC 


:= 
Q23 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:= 
Q24 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:= 
/INIT* 
C* IN*/Q31 
;MODULo-2 
+ 
/INIT* 
C*/IN* 
Q31 
;ADDITION 
:+: 
Q25 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:= 
Q26 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:'" 
Q27 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:= 
Q28 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:= 
Q29 
;SBIFT 
+ 
INIT 
;INITIALIZE 


:= 
Q30 
;SHIFT 
+ 
INIT 
;INITIALIZE 


:= 
Q31*/C 
;SERIAL 
+ 
/IN* 
C 
;OUT 


32·Bit CRC Error Detection 


FUNCTION 
TABLE 


CLK joe 
INIT 
C 
IN 
CHKl 
CHK2 
CHK3 
Q23 
Q31 
Q30 
Q29 
Q28 
Q27 
Q26 
Q25 
Q24 
OUT CHECK 


Q 
QQQQQQQQ 
CHK 
2 
33222222 


:CLK 
JOC 
INIT 
C 
IN 
123 
3 
10987654 
OUT 
CHECK 


-------------------------------------------------------------- 


C 
L 
H 
X 
L 
XXX 
X 
HHHHHHHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHHHHLHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
HHHHLLHL 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHHLLLLH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHLLLHHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HLLLHLHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
LLLHLLHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
LLHLLHHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LHLLHHHL 
X 
X 


C 
L 
L 
H 
L 
xxx 
L 
HLLHHHLL 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LLHHHHLL 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
LHHHHLLH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHHHLLHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHHLLLHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHLLLLHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
HLLLLLHL 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LLLLLLLL 
X 
X 


C 
L 
L 
H 
L 
xxx 
H 
LLLLLLLH 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LLLLLLHL 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
LLLLLm.H 
x 
x 
DI 
C 
L 
L 
H 
L 
xxx 
H 
LLLLHLmI 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LLLHLHHL 
X 
X 


C 
L 
L 
H 
L 
xxx 
H 
LLBLHHLH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
LHLHHLHH 
It 
X 


C 
L 
L 
H 
L 
XXX 
H 
HLHHLHHH 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LHHLHLHL 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
HHLHLHLL 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
HLHLHHLL 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
LHLHHHLH 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
HLHHHLHL 
X 
X 


C 
L 
L 
H 
L 
XXX 
L 
LHHHLLLL 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHHLLLLH 
X 
X 


C 
L 
L 
H 
L 
XXX 
H 
HHLLLHHH 
X 
X 


C 
L 
X 
X 
X 
HHH 
X 
XXXXXXXX 
X 
H 


-------------------------,------------------------------------- 


NOTE THAT A PAL20 X8 CAN BE USED FOR THE CRC4 IF 
THE IMPLEMENTATION DOES 
NOT REQUIRE OUT AND CHECK TO BE REGISTERED 
OUTPUTS. 


1 C1XOXXXXXXXXOXLLLLLLLLXl 
2 C0100XXXXXXXOXLLLLLHLLX1 
3 C0101XXXXXXXOXLLLLHHLBX1 
4 C0100XXXXXXXOXLLLHHHHLXl 
5 C0100XXXXXXXOXLLHBHLLLXl 
6 C0100XXXXXXXOXLHHHLHLLXl 
7 C0100XXXXXXXOXHHHLHHLLXl 
8 C0100XXXXXXXOXHBLHHLLLXl 
9 C0101XXXXXXXOXHLHHLLLBXl 
10 C0101XXXXXXXOXLHHLLLHHXl 
11 C0101XXXXXXXOXHHLLLLHHXl 
12 C0100XXXXXXXOXHLLLLHBLXl 
13 C0100XXXXXXXOXLLLLHHLLXl 
14 C0100XXXXXXXOXLLLHHHLLXl 
15 C0100XXXXXXXOXLLHHHBLLXl 
16 C0101XXXXXXXOXLHHHHBLBXl 
17 C0101XXXXXXXOXHHHHHHHBXl 
18 C0100XXXXXXXOXHHHHHHHLXl 
19 C0101XXXXXXXOXHHHHHHLBXl 
20 C0100XXXXXXXOXHHHHHLHLXl 
21 C0100XXXXXXXOXHHHHLHLLXl 
22 C0101XXXXXXXOXHHHLHLLBXl 
23 C0100XXXXXXXOXBHLHLLHLXl 
24 C0100XXXXXXXOXHLHLLHLLXl 
25 C0100XXXXXXXOXLHLLHLLLXl 
26 C0101XXXXXXXOXHLLHLHLBX1 
27 C0101XXXXXXXOXLLHLHLHHXl 
28 C0101XXXXXXXOXLHLHLLHHXl 
29 C0100XXXXXXXOXHLHLLLHLXl 
30 C0101XXXXXXXOXLHLLLHLBXl 
31 C0101XXXXXXXOXHLLLHHHBXl 
32 C0100.xXXXXXXOXLLLHHHHLXl 
33 C0100XXXXXXXOXLLHHHLLLXl 
34 CXXXXXXXOOOXOXXXXXXXXXL1 


11 1111 1111 2222 2222 2233 3333 3333 


0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 


0 
---x ---x --x 
--x- --x- --x- -x-x -x-x -x-- CHK1*CHK2*CHK3*Q24*Q25*- 


8 
-x-- 
Q23 


9 x--- 
INIT 


16 
--x 
Q24 


17 x-- 
INIT 


24 -x- 
x-- 
x--- 
--x- 
/INIT*C*IN*/Q31 


25 -x-- x--- -x-- ---- 
---x 
/INIT*C*/IN*Q31 


26 
---x 
Q25 


27 x--- 
INIT 


32 
---x 
Q26 


33 x--- 
INIT 


40 
---x 
Q27 


41 x-- 
INIT 


48 
---x 
Q28 


49 x-- 
INIT 


56 
---x 
Q29 


57 x-- 
INIT 


64 
---x 
Q30 


65 x-- 
INIT 


72 
-x-- 
---x 
Q31*/C 


73 
x--- -x-- 
/IN*C 


LEGEND: 
X : FUSE NOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,P,l) 


NUMBER OF FUSES BLOW = 
801 
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8-Bit Error Detection 


and Correction 


PAL16X4 


vcc 


BO 


B1 


C3 


C2 


C1 


Co 


B2 
9 
B3 


PAL16X4 
PAL16L8 
PAL16L8 


vcc 
vcc 
VCC 


DO 
B7C 
B1C 


01 
B6C 
BOC 


AD 
B5C 
C3C 


A1 
C2C 


A2 
B3C 
C1C 


A3 
B2C 
COC 


02 
NC 
ERROR 


03 
NC 
NC 


GNO 
GNO 
GNO 


require::> £t l,;nel,;t\ UIl::>,IlICit\IfIY 
C1 I£-Ull 
l,;VUt: VVVIU. lilt: 
~lIl1lJlt:::il 


code to design is a 12-bit Hamming code. To arrive at the code, 
we set up the following 
matrix: 


87 
86 
85 
84 
B3 
82 
81 
80 
C3 
C2 
C1 
CO 


S3 
X 
X 
X 
X 
X 


82 
X 
X 
X 
X 
X 


81 
X 
X 
X 
X 
X 
X 


80 
X 
X 
X 
X 
X 
X 


The vertical 
columns 
are in a counting 
pattern, 
excluding 


the single 
bit values of 8, 4, 2, 1. The single 
bit values are 


assigned 
to the check 
bits C3·CO. 8y reading 
horizontally 


across the rows of the matrix, 
we get the check equations 


by exclusive 
OR'ing the data bits with X's in that row and 


equating 
that to the check bit with an X in that row: 


C387<fJ86<fJ85<fJ84 


C2 
87 
<fJ 83 
<fJ 82 
<fJ 81 


C1 
86 
<fJ 85 
<fJ 83 
<31 82 <3180 


CO 
86 
<3184 
<fJ 83 
<3181 
<fJ80 


The check bits are stored along with the data bits in the 
following 
message format: 


M12 M11 M10 M9 
M8 
M7 
M6 
M5 
M4 
M3 
M2 M1 


87 
86 
85 
84 
C3 
83 
82 
81 
C2 
80 
C1 
CO 


When 
a read occurs, 
the check 
bits are recalculated 
and 


compared with the stored bits to generate the 4 bit syndrome: 


83 
87 
<fJ B6 
<fJ B5 <3184 
<fJC3 


82 
87 
<fJ B3 
<fJ 82 
<fJ 81 
<fJC2 


81 
86 
<fJ 85 
<fJ 83 
<fJ 82 
<fJ 80 
<f) C1 


80 
86 
<f) 84 
<fJ 83 
<f) 81 
<fJ SO <fJ CO 


The 4 syndrome bits indicate the location of any single bit errors 
in the 12-bit message format which may than be corrected by 
inversion. 


The Hamming code works by introducing 
enough other code 


words to create a difference of exactly 3 bits between legal code 
words. All other code words are illegal. If, in storage, one bit 
flips, the result is an illegal word. In addition, there is only one 
word in the set of legal code words from which it could have 
come, hence the correction. 


The 
Hamming 
matrix 
and 
resultant 
sets of check 
bit and 


syndrome equations are selected so that when a single bit error 
occurs, the syndrome gives the position of that bit (either data 
or check) in the 12-bit message format. 


random data word: 
0 
0 
0 


check blls: 


C3 
87 
<f) 86 
<fJ B5 <fJ 84 


1 
<fJ 1 
<31 0 
<31 1 


C2 
87 
<fJ 83 
<3182 
<3181 


1 
<fJ 1 
<fJ 1 
<f) 
0 
1 


C1 
B6 <3185 
<31B3 <fJ 82 
<3180 


1 
<fJ 0 
<fJ 1 
<31 1 
<fJ 0 


CO 
86 
<fJ B4 
<fJ83 
<fJ 81 
<3180 


1 
<fJ 1 
<31 1 
<31 0 
<31 0 


message: 


M12 M11 M10 M9 
M8 
M7 
M6 
M5 
M4 
M3 
M2 
M1 


1 
1 
0 
1 
1 
1 
1 
0 
1 
0 
1 
1 


87 
86 
85 
84 
C3 
83 
82 
81 
C2 
80 
C1 
CO 


CONTROL 


CHECK 
BIT 
BUS 


8 
GENERATION - 


t 


4 


64Kx8 
64Kx4 
- 
TIMING 


DATA 
CHECK 
AND 
1-- 
16 
MEMORY 
BIT 
CONTROL 
MEMORY 
- 


4 


SYNDROME - 
4 
8 
GENERATION 


4.BIT 


t 1 


SYNDROME 


4 
FOR 
ERROR 
LOGGING 


ERROR 
ERROR 
CORRECTION 


'8 
t 


assume no error: 


53 
B7 Ell B6 Ell B5 Ell B4 Ell C3 


1 
Ell 
1 
Ell 
0 
Ell 
1 
Ell 
1 
0 


52 
B7 Ell B3 Ell B2 Ell B1 Ell C2 


1 
Ell 
1 
Ell 
1 
Ell 
0 
Ell 
1 
0 


51 
B6 Ell B5 
Ell B3 Ell B2 Ell BO Ell C1 


1 
Ell 
0 
Ell 
1 
Ell 
1 
Ell 
0 
Ell 
1 


50 
B6 
Ell B4 
Ell B3 Ell B1 Ell BO Ell CO 


1 
Ell 
1 
Ell 
1 
If) 
0 
If) 
0 
$ 
1 


syndrome 0000 indicates no error 
assume data bit B7 flips (1 - 
0): 


53 
Q 
Ell 
1 
If) 
0 
If) 
1 
If) 
1 


52 
Q 
E!l 
1 
If) 
1 
If) 
0 
$ 
1 


51 
1 
E!l 
0 
Ell 
1 
If) 
1 
If) 
0 
If) 


50 
1 
If) 
1 
Ell 
1 
If) 
0 
If) 
0 
Ell 


syndrome 1100 indicates M12 or B7 is in error 
assume check bit C3 flips (1 - 
0): 


~ 
1 
Ell 
1 
E!l 
0 
Ell 
1 
$ 
Q 
1 


52 
1E1l1E1l1$0$1 
0 


51 
1 
Ell 
0 
$ 
1 
$ 
1 
$ 
0 
Ell 
1 
0 


50 
1$lE1l11f)0$OEll1 
0 


syndrome 
1000 indicates M8 or C3 is in error 


While the check bits can be generated with a 256x4 PROM if 
the tolerances are loose, high performance systems will need 
to latch or register the check bits to meet cycle time require- 
ments. 5imilarly, 
the syndrome bits can be generated with a 
4096x4 PROM but in both cases the PAL16X4 is the high 
performance choice. 


The worst case equations are 51 and 50 with a 6 term exclusive 
OR. We use 2 properties of the exclusive OR to fit the equations 
into the 16X4: 


1. Associativity 
AEilBEIlC=(AEIlB)EIlC 


2 A EllB EllC = ABC + ABC 
+ ABC + ABC 


5ince a 3 term exclusive OR can be realized with a 4 product 
sum in sum of products form, a 6 term exclusive OR can be 
realized by exclusive OR of 2 4 product sums. This is exactly 
the 16X4 configuration. 


Check Bit Equations 


C3 = B7 EllB6 EllB5 $ B4 


= (B7 ' B6 + B7 ' B6) Ell (B5 ' B4 + B5 ' B4) 


C2 = B7 If) B3 Ell B2 EllB1 


= (B7 ' B3 + B7 ' B3) $ (B2 ' B1 + B2 ' B1) 


C1 = B6 EllB5 EllB3 $ B2 $ BO 


= (B6 ' B5 ' B3 + i36 ' B5 ' B3 + i36 . B5 ' B3 + B6 ' B5 . B3) 


$ (B2 ' BO + B2' 
) 


CO= B6 EllB4 Ell B3 Ell B1 If) BO 


= (B6 . B4 . B3 + B6 ' i34 . B3 + B6 ' B4 . B3 + B6 ' i34 . B3) 


EIl(B1 • BO + B1 . BO) 


Syndrome Bit Equations 


53 = B7 If) B6 EllB5 Ell B4 If) C3 


= (B7 . B6 . B5 + B7 . B6 . B5 + B7 . B6 . B5 + B7 . B6' B5) 


Ell(B4 . C3 + i34 . C3) 


52 = B7 Ell B3 Ell B2 Ell B1 EllC2 


= (B7 . B3 . B2 + B7 . B3 . B2 + B7 . B3 . B2 + B7 . B3 • B2) 


Ell(B1 . C2 + B1 . C2) 


51 = B6 Ell B5 EllB3 EllB2 $ BOE!lC1 


= (B6 . B5 ' B3 + B6 . B5 . B3 + B6 . B5 . B3 + B6 . B5 ' B3) 


Ell(82 . BO . C1 + B2 . BO . C1 + B2 . BO . C1 + B2 . BO 


50 = B6 If) B4 E!lB3 Ell B1 Ell BOIf) CO 


= (B6 . B4 . B3 + B6 . B4 . B3 + B6 • B4 • B3 + B6 • i34 ' B3) 


If) (B1 . BO . CO+ B1 . BO . CO+ B1 ' BO. CO+ B1 . BO 
) 


The error correction block decodes the 4 syndrome bits, and, if 
they are not 0000, inverts the indicated 
bit in the message 


format. The equations: 


M12 (= B7C) = 53 • 52· 51 . 50$ B7 


= 53 . 52 . 51 . 50 . B7 + (53 . 52 . 51 • 50) . B7 


= 53 • 52 ,51 . 50 . B7 + 53· B7 + 52 • B7 + 51 


· B7+ 50' B7 


M11 (= B6C) = 53 • 52 . 51 . 50 . B6' 
53· B6 • 52 . B6 + 51 


• B6·50,B6 
••• 


M10 (= B5C) = 53 . 52 . 51 . 50 . B5 + 53· B5 + 52 . B5 + 51 
~ 


· B5+50' 
B5 


M9 
(= B4C) = ~ 
. 52 • 51 ' 50 . B4 + 53' B4 + 52 . B4 + 51 


· B4+50' 
B4 


M8 
(=C3C) = 53 • 52 • 51 . SO . C3 + 53' C3 + 52 . C3 + 51 


• C3+50 'C3 


M7 
(= B3C) = 53 . 52 • 51 • SO ' B3 + 53' B3 + 52' 
B3 + 51 


· B3+50 . B3 


M6 
(= B2C) = 53 . 52 . 51 . 50 • B2 + 53' B2 + 52 . B2 + 51 


· B2+50+B2 


M5 
(= B1C) = 53·52' 
51 ·50· 
B1 + 53' B1 + 52· B1 + 51 


'B1+80'B1 


M4 (= C2C) = 53 . 52 . 51 • 50 • C2 + 53' C2 + 52 . C2 + 51 


· C2+50 'C2 


M3 
(= BOC) = 53 . S2 . 51 ,50 
. BO+ 53' BO+ 52 . BO + 51 


· BO+80' 
BO 


M2 
(=C1C) = 53 . 52·51 
. 50 ,C1+ 
53· C1 + 52' 
C1 + 51 


· C1+50 'C1 


M1 (=COC)=53'52'51'50'CO+ 
53'CO+52'CO+51 


'CO'SO'CO 


ERROR 
= 53 ' 52 . 51 . 50 


ERROR is an active 
high error indicator 
available 
for error 


logging along with the 4 syndrome 
bits. 


To use 2 PAL 16L8's for the error correction 
block, we need 
only invert the message bits to get active true outputs. 


PAL16X4 
CBG 
CHECK BIT GENERATOR 
MMI FIELD APPLICATIONS 
ENGINEER YORBA 


CHKCLK B7 B6 NC NC NC NC B5 B4 GND 
/ac B3 B2 /CO /C1 /C2 /C3 B1 BO VCC 


PAL DESIGN SPECIFICATION 


B. BRAFMAN 02/16/81 


C3 
:= 
B7*/B6 
lB7 :+: B6 


+ 
/B7* B6 
:+: 
+ 
GND 
100 NOT BLOW THIS PRODUCT LINE 


+ 
GND 
100 NOT BLOW THIS PRODUCT LINE 


:+: 
B5*/B4 
lB5 :+: B4 


+ 
/85* B4 


C2 
:= 
B7*/83 
lB7 :+: B3 


+ 
/87* B3 
:+: 


+ 
GND 
100 NOT BLOW THIS PRODUCT LINE 


+ 
GND 
100 NOT BLOW THIS PRODUCT LINE 


:+: 
B2*/B1 
lB2 :+: B1 


+ 
/82* B1 


C1 
:= 
B6* B5* B3 
lB6 :+: B5 
:+: B3 


+ 
/86*/85* B3 
+ 
/B6* B5*/B3 
:+: 
+ 
B6*/B5*/83 
:+: 
B2*/80 
lB2 :+: BO 


+ 
/B2* BO 


CO 
:= 
B6* B4* B3 
lB6 :+: B4 :+: B3 


+ 
/86*/84* B3 
+ 
/B6* B4*/B3 
:+: 
+ 
B6*/B4*/83 
:+: 
B1*/BO 
lB1 :+: BO 
+ 
/B1* BO 


;CONTROL 
;CHK 
/ 
;CLK 
OC 


8 BIT IN 
BBBBBBBB 
76543210 


CORR 
CCCC 
3210 


C 
L 
HHHHHHHH 
LLHH 
C 
L 
LHHHHHHH 
HHHH 
C 
L 
HLHHHHHH 
HLLL 
C 
L 
HHLHHHHH 
HLLH 


C 
L 
HHHLHHHH 
HLHL 
C 
L 
HHHHLHHH 
LHLL 
C 
L 
HHHHHLHH 
LHLH 
C 
L 
HHHHHHLH 
LHHL 
C 
L 
HHHHHHHL 
LLLL 
C 
L 
LLLLLLLL 
LLLL 


C 
L 
HLLLLLLL 
HHLL 


C 
L 
LHLLLLLL 
HLHH 
C 
L 
LLHLLLLL 
HLHL 
C 
L 
LLLHLLLL 
HLLH 
C 
L 
LLLLHLLL 
LHHH 
C 
L 
LLLLLHLL 
LHHL 
C 
L 
LLLLLLHL 
LHLH 
C 
L 
LLLLLLLH 
LLHH 


ALL ONES DATA 
SHIFT A ZERO ACROSS 


ALL ZEROS DATA 
SHIFT A ONE ACROSS 


THIS PAL GENERATES THE 4 CHECK BITS IN A 12 BIT HAMMING CODE WORD TO 
PROVIDE ERROR DETECTION AND CORRECTION ON AN 8 BIT DATA WORD. 


1 CIIXXXXIIXOIILLHHIII 
2 COIXXXX1IXOIILLLLlll 
3 CI0XXXX1IXOIIHHHLlll 
4 C1IXXXXOIXOIILHHLlll 
5 C1IXXXXI0XOl1HLHLlll 
6 CIIXXXXIIX001HHLHlll 
7 C1IXXXXIIXOI0LHLHlll 
8 C1IXXXXIIXOIIHLLHOll 
9 CIIXXXXIIXOIIHHHHI01 
10 COOXXXXOOXOOOHHHHOOI 
11 CI0XXXXOOXOOOHHLLOOI 
12 COIXXXXOOXOOOLLHLOOI 
13 COOXXXXI0XOOOHLHLOOI 
14 COOXXXXOIXOOOLHHLOOI 
15 COOXXXXOOXOI0LLLHOOI 
16 COOXXXXOOXOOIHLLHOOI 
17 COOXXXXOOXOOOLHLH10l 
18 COOXXXXOOXOOOLLHHOl1 


11 
1111 
1111 
2222 
2222 
2233 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 


16 x--- -x-- 
B7*/B6 
17 -x-- x--- 
/B7*B6 
18 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
19 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
20 
x--- -x-- B5* /B4 
21 
-x-- x--- /B5*B4 


24 x--- 
---x B7*/B3 
25 -x-- 
--x- /B7*B3 
26 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
27 xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
XXXX 
28 
---x 
--x- 
B2*/Bl 
29 
--x- 
---x 
/B2*Bl 


32 
x--- 
x--- --x- B6*B5*B3 
33 
-x-- 
-x-- --x- /B6*/B5*B3 
34 
-x-- 
x--- ---x /B6*B5*/B3 
35 
x--- 
-x-- ---x B6*/B5*/B3 
36 ---x 
--x- 
B2*/BO 
37 --x- 
---x 
/B2*BO 


40 
x--- 
x-x- B6*B4*B3 
41 
-x-- 
-xx- /B6*/B4*B3 
42 
-x-- 
x--x /B6*B4*/B3 
43 
x--- 
-x-x B6*/B4*/B3 
44 ---x --x- 
Bl*/BO 
45 --x- ---x 
/Bl*BO 


I 


012 
J 
4561 
B 
91011 
12131415 
16111819 
20212223 
24252621 
28293031 


0 
I 
,\-J. 
1 
1 
19 
., 
J 
V I 


6 
•.. 
1 
... 


2 


•9 
rJ 


10 
" 
18 
" 
11 
I 
" 
3 .. 
15 
~ 
.. 
" 
~D- 


11 
-,IJ. 
18 
19 
17 


10 


~~ 
V 
11 
,.( 


11 
H 
a 
, 
11 
- 
1 
r 
"" 
~D- 


26 
~ 
21 


~ 


2B 
16 


19 
V 
" 
11 


5 
t 
.••.... 
11 
II 
~D- 


" 


215 


15 


36 
to] 


11 
18 
V 


19 


6m~ 
"" 


~D-=l1 


"" 
~ 
"""" 


7 
m 
-q,J 
•• 
" 
" J. 


50 
51 
" 


13 
" 


•.... 
J 
" 
8 
•.. 
5\ 
...• 


•... 
"" 
J 


58 
59 
60 
12 


61 
J 
v- I 
" 
9 
... 
61 
...• 
11 
•... 
...• 


PAL16X4 
SBG 
SYNDROME 
BIT GENERATOR 
MMI FIELD APPLICATIONS 
ENGINEER 
YORBA LINDA, 
SYNCLK D7 D6 BO Bl B2 B3 D5 D4 GND 
/oe 
D3 D2 A3 A2 A1 AO Dl DO VCC 


PAL DESIGN 
SPECIFICATION 
B. BRAFMAN 
03/13/81 


IN THE ABOVE PIN LIST, THE FOLLOWING 
SUBSTITUTIONS 
HAVE BEEN 
MADE TO ACCOMODATE 
THE SPECIFIC 
FORMAT 
(FIXED SYMBOLS) 
FOR THE 
ARITHMETIC 
PALS IN PALASM: 


D7 MEANS B7 
D6 MEANS B6 
D5 MEANS B5 
D4 MEANS 
B4 
D3 MEANS 
B3 
D2 MEANS 
B2 
Dl MEANS Bl 
DO MEANS BO 


BO MEANS 
/C3 
Bl MEANS /C2 
B2 MEANS /Cl 
B3 MEANS 
/CO 
AD MEANS /S3 
Al MEANS /S2 
A2 MEANS /SI 
A3 MEANS 
ISO 


(CHECK BIT 
3) 
(CHECK BIT 2) 
(CHECK BIT 
1) 
(CHECK BIT 0) 
(SYNDROME BIT 3) 
(SYNDROME BIT 2) 
(SYNDROME BIT 
1) 
(SYNDROME BIT 0) 


BO-B7 ARE THE BITS OF THE DATA WORD. 


THE SUBSTITUTIONS 
APPLY 
BELOW WITH 
THE EXCEPTION 
OF COMMENTS. 


/AO 
:= 
D7* D6* D5 
+ 
/D7*/D6* 
D5 
+ 
/D7* D6*/D5 
+ 
D7*/D6*/D5 
:+: 
D4* (/BO) 
+ 
/D4*( BO) 


/A! 
:= 
D7* 03* D2 
+ 
/D7*/D3* 
D2 
+ 
/D7* D3*/D2 
+ 
07*/D3*/D2 
:+: 
D1* (/B1) 
+ 
/D1* ( B1) 


/A2 
:= 
D6* 05* 03 
+ 
/D6*/D5* 
03 
+ 
/06* 05*/D3 
+ 
06*/D5*/D3 
:+: 
02* 00*( B2) 
+ 
/D2*/D0*( 
B2) 
+ 
/D2* 00*(/B2) 
+ 
D2*/D0*(/B2) 


/A3 
:= 
D6* 04* 03 
+ 
/D6*/D4* 
D3 
+ 
/D6* 04*/D3 
+ 
D6*/D4*/D3 
:+: 
D1* 00*( B3) 
+ 
/D1*/D0*( 
B3) 
+ 
/D1* 00* (/B3) 
+ 
D1*/D0*(/B3) 


4·336 


;B7 :+: 
B6 
:+: 
B5 


:+: 


;B4 :+: 
C3 


;B7 :+: 
B3 
:+: 
B2 


:+: 


;Bl :+: 
C2 


;B6 :+: 
B5 
:+: 
B3 


:+: 


;B2 :+: 
BO 
:+: 
C1 


a-Bit Error Detection and Correction 


FUNCTION 
TABLE 


SYNCLK IOC D7 D6 D5 D4 D3 D2 D1 DO BO B1 B2 B3 IAO IA1 IA2 IA3 


;CONTROL 
-DATA- 
IIII 


;SYN 
I 
DDDDDDDD 
BBBB 
AAAA 


;CLK 
OC 
76543210 
0123 
0123 
COMMENTS 
------------------------------------------- 


C 
L 
HHHBHHHH 
LLHH 
LLLL 
NO ERROR 


C 
L 
LHHHHHHB 
LLHH 
HHLL 
D7 ERROR 


C 
L 
HLHHHBHH 
LLHH 
HLHH 
D6 ERROR 


C 
L 
HHLHHHHH 
LLHH 
HLHL 
D5 ERROR 


C 
L 
HHHLHHHB 
LLHH 
HLLH 
D4 ERROR 


C 
L 
HHHBLHHH 
LLHH 
LHHH 
D3 ERROR 


C 
L 
HHHHHLHH 
LLHH 
LHHL 
D2 ERROR 


C 
L 
RHHHHHLH 
LLHH 
LHLR 
D1 ERROR 


C 
L 
RHHHHHHL 
LLHH 
LLHH 
DO ERROR 


C 
L 
HHHBHHHH 
RLHH 
HLLL 
BO ERROR 


C 
L 
HBHHHHHH 
LLHH 
LLLL 
NO ERROR 


C 
L 
HHRHHBRH 
LLLH 
LLHL 
B2 ERROR 


C 
L 
RHHHHHHH 
LLHL 
LLLH 
B1 ERROR 


C 
L 
LLLLLLLL 
LLLL 
LLLL 
NO ERROR 


C 
L 
BLLLLLLL 
LLLL 
HHLL 
D7 ERROR 


C 
L 
LBLLLLLL 
LLLL 
BLHH 
D6 ERROR 


C 
L 
LLHLLLLL. 
LLLL 
BLBL 
D5 ERROR 


C 
L 
LLLBLLLL 
LLLL 
HLLH 
D4 ERROR 


C 
L 
LLLLBLLL 
LLLL 
LHHH 
D3 ERROR 


C 
L 
LLLLLBLL 
LLLL 
LHHL 
D2 ERROR 
191 
C 
L 
LLLLLLBL 
LLLL 
LHLH 
D1 ERROR 


C 
L 
LLLLLLLR 
LLLL 
LLHH 
DO ERROR 


C 
L 
LLLLLLLL 
BLLL 
HLLL 
BO ERROR 


C 
L 
LLLLLLLL 
LBLL 
LBLL 
B1 ERROR 


C 
L 
LLLLLLLL 
LLHL 
LLHL 
B2 ERROR 


C 
L 
LLLLLLLL 
LLLH 
LLLR 
B3 ERROR 
------------------------------------------- 


THIS 
PAL GENERATES THE SYNDROMEBITS 
FOR A 12 BIT 
HAMMINGCODE WORD 


AS A FUNCTION OF THE 8 DATA BITS 
AND THE 4 CHECK BITS 
TO POINT 
TO 


ANY SINGLE 
BIT 
IN ERROR. 


1 C11001111X011HHHH111 
2 C01001111X011HHLL111 
3 C1000111lX011LLHL111 
4 C11001101X011HLHL111 
5 C11001110X011LHHL111 
6 C11001111X001LLLB111 
7 C11001111X010BLLB111 
8 C11001111X011LHLH011 
9 C11001111X011LLBB101 
10 C11101111X011BBHL111 
11 C11001111X011HHHH111 
12 C11000111X011HLHB111 
13 C1100101lX011LBBH111 
14 COOOOOOOOXOOOHHHHOOI 
15 CIOOOOOOOXOOOBBLLOOI 
16 COIOOOOOOXOOOLLHLOOI 
17 COOOOOOIOXOOOHLHLOOI 
18 COOOOOOOIXOOOLHHL001 
19 COOOOOOOOXOIOLLLHOOI 
20 COOOOOOOOXOOIBLLBOOI 
21 COOOOOOOOXOOOLHLB101 
22 COOOOOOOOXOOOLLBBOll 
23 COOIOOOOOXOOOHBBL001 
24 COOOIOOOOXOOOHBLHOOI 
25 COOOOIOOOXOOOHLBB001 
26 COOOOOIOOXOOOLBBH001 


a-Bit Error Detection and Correction 


a-Bit Error Detection and Correction 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


16 x--- x--- 
17 -x-- -x-- 
18 -x-- x--- 
19 x--- -x-- 
20 
-x-x ---- 


21 
x-x- 


24 x--- 
25 -x-- 
26 -x-- 
27 x--- 
28 
--x- 


29 
---x 


32 
33 
34 
35 
36 -x- 
37 ---x ---- 
38 -x- ---- 
39 ---x 


x--- 
-x- 
-x-- 
x--- 


40 
x--- 
41 
-x-- 
42 
-x-- 


43 
x--- 


44 --x- --x- 
45 ---x ---x 
46 --x- ---x ---- 
47 ---x --x- ---- 


-x-x ---- 
x-x- 


x-x- 
x-x- 
-x-x ---- 
-x-x ---- 


x--- 
x--- 
-x-- 
-x-- 


D7*D6*D5 
/D7*/D6*D5 
/D7*D6*/D5 
D7*/D6*/D5 
x--- D4*/BO 
-x-- 
/D4*BO 


--x- --x- D7*D3*D2 
--x- ---x /D7*/D3*D2 
---x --x- 
/D7*D3*/D2 
---x ---x D7*/D3*/D2 
D1*/B1 
/D1*B1 


x-x- 
x-x- 
-x-x 
-x-x 


x--- 
-x-- 
x--- 
-x-- 
--x- 
---x ---- 
---x 
--x- 


--x- D6*D5*D3 
--x- 
/D6*/D5*D3 
---x /D6*D5*/D3 
---x D6*/D5*/D3 
D2*DO*B2 
/D2*/D0*B2 
/D2*DO*/B2 
D2*/D0*/B2 


x-x- D6*D4*D3 
-xx- /D6*/D4*D3 
x--x /D6*D4*/D3 
-x-x D6*/D4*/D3 
D1*DO*B3 
/D1*/D0*B3 
/D1*DO*/B3 
D1*/D0*/B3 


a-Bit Error Detection and Correction 


I 


0123 
<1561 
891011 
12131415 
16111819 
20212223 
24252621 
28293031 


0 


~~ 


I 
1 
J 
19 
, 


5, 


L 
, 
1 
•.. 
•9 


~~ 


10 
\I 
18 
11 
13 
" 


3 
L 
15 


•• 
16 
'>---.&.. 
....• 


11 
,)D- 


-L.--~'7 


18 
19 


10 
o 
Q 
V 


11 
11 
~1 
, 
13 


f 
-a....r 
" 


25 
~D- 


16 


~ 
" 


~ 


28 
19 
JO 
31 


5 
t 
-<>--' 
J1 
Jl 


~D- 


" 


~ 


J5 


J6 
~ 
=D] 


J1 
J8 
./ .~ 


J9 
~ 


6b"" 


~D-fi 


"" 
"""J 
"" 
" 
" 
v~ 


" 


7 
t-r<L-' 


~-<>--' 


48 
" 
>-J 
"" 
13 


51 
53 


r 
" 
8 
L 
" 
~ 


56 
51 
, J. 
58 
59 
11 
60 
" 
v 
I 


61 


9 .. 
6l 
....• 
-A.." 
•... 
...• 
""'" 


ERROR CORRECTION UNIT No. 1 
MMI FIELD APPLICATION5 
ENGINEER 
YORBA LINDA, CALIFORNIA 


/53 /52 /51 /50 B7 
B6 
BS 
B4 
B3 
GND 


B2 
NC 
NC B2C B3C B4C BSC B6C B7C VCC 


IF 
(VCC) /B7C 
53* 52*/51*/50* 
B7 
:CORRECTION OF B7 
+ /53*/B7 
:NO CORRECTION 
+ /52*/B7 
;NO CORRECTION 
+ 
51*/B7 
;NO CORRECTION 
+ 
50*/B7 
;NO CORRECTION 


IF 
(VCC) /B6C 
53*/52* 
51* 50* B6 
;CORRECTION OF B6 


+ /53*/B6 
;NO CORRECTION 
+ 
52*/B6 
;NO CORRECTION 


+ /51*/B6 
;NO CORRECTION 
+ /50*/B6 
;NO CORRECTION 


IF 
(VCC) /BSC = 
53*/52* 51*/50* BS 
:CORRECTION OF BS 


+ /53*/BS 
;NO CORRECTION 
+ 
52*/BS 
;NO CORRECTION 


+ /51*/BS 
:NO CORRECTION 


+ 
50*/BS 
;NO CORRECTION 


IF 
(VCC) /B4C 
53*/52*/51* 
50* B4 
;CORRECTION OF B4 


+ /53*/B4 
;NO CORRECTION 


+ 
52*/B4 
;NO CORRECTION 


+ 
51*/B4 
;NO CORRECTION 


+ /50*/B4 
;NO CORRECTION 


IF 
(VCC) /B3C 
/53* 52* 51* 50* B3 
;CORRECTION OF B3 


+ 
53*/B3 
;NO CORRECTION 


+ /52*/B3 
;NO CORRECTION 


+ /51*/B3 
;NO CORRECTION 


+ /50*/B3 
:NO CORRECTION 


IF 
(VCC) /B2C = /53* 52* 51*/50* B2 
;CORRECTION OF B2 


+ 
53*/B2 
;NO CORRECTION 


+ /52*/B2 
:NO CORRECTION 


+ /51*/B2 
;NO CORRECTION 


+ 
50*/B2 
;NO CORRECTION 


a-Bit Error Detection and Correction 


1SYNDROME 
SSSS 
3210 


INPUT 
BBBBBB 
765432 


CORRECTED 
BBBBBB 
765432 


LLLL 
mmmm 
HHHHHH 
NO ERROR 


LLLL 
LLLLLL 
LLLLLL 
NO ERROR 


HHLL 
mmmm 
LHHHHH 
CORRECT 
B7 


HHLL 
LLLLLL 
HLLLLL 
CORRECT 
B7 


HLHH 
HHHHHH 
HLHHHH 
CORRECT 
B6 


HLHH 
LLLLLL 
LHLLLL 
CORRECT 
B6 


HLHL 
HHHHHH 
HHLHHH 
CORRECT 
B5 


HLHL 
LLLLLL 
LLHLLL 
CORRECT 
B5 


HLLH 
HHHHHH 
HHHLHH 
CORRECT 
B4 


HLLH 
LLLLLL 
LLLHLL 
CORRECT 
B4 


LHHH 
HHHHHH 
HHHHLH 
CORRECT 
B3 


LHHH 
LLLLLL 
LLLLHL 
CORRECT 
B3 


LHHL 
~ 
HHHHHL 
CORRECT 
B2 


LHHL 
LLLLLL 
LLLLLH 
CORRECT 
B2 


THIS PAL PERFORMS 
ERROR CORRECTION 
ON BITS B2-B7 
BASED 
ON THE 4-BIT 


ERROR SYNDROME 
SO-S3. 


1 l11111111XIXXHHHHHHl 
2 111100000XOXXLLLLLLI 
3 001111111XIXXHHHHHL1 
4 001100000XOXXLLLLLHI 
5 01001111lXIXXHHHHLHl 
6 010000000XOXXLLLLHL1 
7 010111111XIXXHHHLHHI 
8 010100000XOXXLLLHLLI 
9 011011111XIXXBHLHHH1 


10 011000000XOXXLLHLLL1 
11 100011111XIXXHLHHHHI 
12 100000000XOXXLHLLLL1 
13 10011111lXIXXLHHHHHl 
14 100100000XOXXHLLLLLI 


a-Bit Error Detection and Correction 


ERROR 
CORRECTION 
UNIT 
No. 1 


11 1111 1111 2222 2222 2233 


0123 4567 8901 2345 6789 0123 4567 8901 


0 
1 -x-x x--- x-- 
x--- 
S3*S2*/Sl*/SO*B7 


2 -x- 
-x-- 
/S3*/B7 


3 x--- 
-x-- 
/S2*/B7 


4 
-x- 
-x-- 
Sl*/B7 


5 
-x-- -x-- 
SO*/B7 


8 
9 x--x -x- 
-x-- 
x--- 
S3*/S2*Sl*SO*B6 


10 -x- 
-x-- 
/S3*/B6 


11 -x-- 
-x-- 
S2*/B6 


12 
x--- 
-x-- 
/Sl*/B6 


13 
x--- 
-x-- 
/SO*/B6 


16 
17 x-x 
-x-- x--- 
x--- 
S3*/S2*Sl*/SO*B5 


18 -x- 
-x-- 
/S3*/B5 


19 -x- 
-x-- 
S2*/B5 


20 
x-- 
-x-- 
/Sl*/B5 


21 
-x-- 
-x-- 
SO*/B5 


24 
25 x--x x-- 
-x-- 
x--- 
S3*/S2*/Sl*SO*B4 


26 -x- 
-x-- 
/S3*/B4 


27 -x-- 
-x-- 
S2*/B4 


28 
-x-- 
-x- 
Sl*/B4 


29 
x--- 
-x-- 
/SO*/B4 


32 
33 -xx- -x-- -x-- 
x--- /S3*S2*Sl*SO*B3 


34 ---x 
-x-- S3*/B3 


35 x--- 
-x-- /S2*/B3 


36 
x--- 
-x-- /Sl*/B3 


37 
x--- 
-x-- /SO*/B3 


40 
41 -xx- -x-- x--- 
--x- /S3*S2*Sl*/SO*B2 


42 --x 
---x S3*/B2 


43 x--- 
---x /S2*/B2 


44 
x--- 
---x /Sl*/B2 


45 
-x-- 
---x SO*/B2 


0123 
4!161 
.91011 
1213141!1 
16111819 
20212223 
242!12621 
282931131 
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MMI FIELD APPLICATION5 
ENGINEER 
YORBA LINDA, CALIFORNIA 


/53 /52 /51 /50 B1 BO /C3 /C2 /C1 GND 
/CO NC ERROR COC C1C C2C C3C BOC B1C VCC 


IF 
(VCC) /B1C = /53* 52*/51* 50* B1 
+ 
53*/B1 
+ /52*/B1 
+ 
51*/B1 


IF 
(VCC) /BOC 
/53*/52* 
51* 50* BO 
+ 
53*/B0 
+ 
52*/B0 
+ /51*/B0 
+ /50*/B0 


IF 
(VCC) /C3C 
53*/52*/51*/50* 
C3 
+ /53*/C3 
+ 
52*/C3 
+ 
51*/C3 
+ 
50*/C3 


IF 
(VCC) /C2C = /53* 52*/51*/50* 
C2 
+ 
53*/C2 
+ /52*/C2 
+ 
51*/C2 
+ 
50*/C2 


IF 
(VCC) /C1C 
/53*/52* 
51*/50* C1 
+ 
53*/C1 
+ 
52*/C1 
+ /51*/C1 
+ 
50*/C1 


IF 
(VCC) /COC 
/53*/52*/51* 
50* CO 
+ 
53*/CO 
+ 
52*/CO 
+ 
51*/CO 
+ /50*/CO 


;CORRECTION OF B1 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 


;CORRECTION OF BO 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 


;CORRECTION OF C3 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 


;CORRECTION OF C2 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 


;CORRECTION OF C1 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 


;CORRECTION OF CO 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 
;NO CORRECTION 


8-Bit Error Detection and Correction 


FUNCTION 
TABLE 


53 
52 
51 so B1 
BO 
C3 
C2 
C1 co B1C 
BOC 
C3C 
C2C 
C1C 
COC 
ERROR 


BB 
CCCC 


:5555 
BB 
CCCC 
10 
3210 


:3210 
10 
3210 
CC 
CCCC 
ERROR 
COMMENTS 


---------------------------------------------------- 


LLLL 
HH 
XXXX 
HH 
XXXX 
I. 
NO 
ERROR 


LLLL 
XX 
HHHH 
XX 
HHHH 
I. 
NO 
ERROR 


LLLL 
LL 
XXXX 
LL 
XXXX 
I. 
NO 
ERROR 


LLLL 
XX 
LLLL 
XX 
LLLL 
L 
NO 
ERROR 


LHLH 
HH 
XXXX 
LH 
XXXX 
H 
CORRECT 
B1 


LHLH 
LL 
XXXX 
HI. 
XXXX 
H 
CORRECT 
Bl 


LLHH 
HH 
XXXX 
HI. 
XXXX 
H 
CORRECT 
BO 


LLHH 
LL 
XXXX 
LH 
XXXX 
H 
CORRECT 
BO 


HLLL 
XX 
HHHH 
XX 
LHHH 
H 
CORRECT 
C3 


HLLL 
XX 
LLLL 
XX 
HLLL 
H 
CORRECT 
C3 


LHLL 
XX 
HHHH 
xx 
HT"HH 
H 
CORRECT 
C2 


LHLL 
XX 
LLLL 
XX 
LHLL 
H 
CORRECT 
C2 


LLHL 
XX 
HHHH 
XX 
HHLH 
H 
CORRECT 
C1 


LLHL 
XX 
LLLL 
XX 
LLHL 
H 
CORRECT 
C1 


LLLH 
XX 
HHHH 
XX 
HHHL 
H 
CORRECT 
co 


LLLH 
XX 
LLLL 
XX 
LLLH 
H 
CORRECT 
co 


---------------------------------------------------- 


THIS 
PAL 
PERFORMS 
ERROR 
CORRECTION 
ON 
BITS 
BO-B1 
AND 
CHECKS 
BITS 


CO-C3 
BASED 
ON 
THE 
4 BIT 
ERROR 
SYNDROME 
SO-53. 


1 111111XXXXXXLXXXXHH1 
2 1111XXOOOXOXLHHHHXX1 
3 111100XXXXXXLXXXXLLl 
4 1111XXIIIX1XLLLLLXX1 
5 101011XXXXXXHXXXXBL1 
6 101000XXXXXXHXXXXLHl 
7 110011XXXXXXHXXXXLHl 
8 110000XXXXXXHXXXXBL1 
9 0111XXOOOXOXBHHHLXX1 


10 0111XX111XIXHLLLHXX1 
11 1011XXOOOXOXBHHLHXXl 
12 101lXX111X1XHLLHLXXl 
13 1101XXOOOXOXBHLBHXX1 
14 1101XX111XIXHLHLLXXl 
15 1110XXOOOXOXBLBBHXXl 
16 1110XX111X1XBHLLLXXl 


a-Bit Error Detection and Correction 


ERROR CORRECTION UNIT No. 2 


11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 


0 
1 -xx- x--- -x-- x--- 
/S3*S2*/SI*SO*Bl 
2 ---x 
-x-- 
S3*/Bl 
3 x--- 
-x-- 
/S2*/Bl 
4 
-x-- 
-x-- 
SI*/Bl 


8 
9 x-x- -x-- -x-- 
x--- 
/S3*/S2*SI*SO*BO 
10 ---x 
-x-- 
S3*/BO 
11 -x-- 
-x-- 
S2*/B0 
12 
x--- 
-x-- 
/SI*/BO 
13 
x--- 
-x- 
/SO*/BO 


16 
17 x--x x--- x--- 
-x-- 
S3*/S2*/SI*/SO*C3 
18 --x- 
x--- 
/S3*/C3 
19 -x-- 
x-- 
S2*/C3 
20 
-x-- 
x--- 
SI*/C3 
21 
-x-- 
x--- 
SO*/C3 


24 
25 -xx- x--- x--- 
-x-- 
/S3*S2*/SI*/SO*C2 
26 ---x 
x--- 
S3*/C2 
27 x--- 
x--- 
/S2*/C2 
28 
-x-- 
x--- 
SI*/C2 
29 
-x-- 
x--- 
SO*/C2 


32 
33 x-x- -x-- x--- 
-x-- /S3*/S2*SI*/SO*Cl 
34 ---x 
x--- S3*/Cl 
35 -x-- 
x--- S2*/Cl 
36 
x--- 
x--- /SI*/Cl 
37 
-x-- 
x--- SO*/Cl 


40 
41 x-x- x--- -x-- 
---x /S3*/S2*/SI*SO*CO 
42 ---x 
--x- S3*/CO 
43 -x-- 
--x- S2*/CO 
44 
-x-- 
--x- SI*/CO 
45 
x--- 
--x- /SO*/CO 


48 
49 x-x- x--- x--- 
/S3*/S2*/SI*/SO 


LEGEND: 
X : FUSE OOT BLOWN 
(L,N,O) 
- : FUSE BLOWN 
(H,F,I) 


NUMBER OF FUSES BLOWN = 1104 


012) 
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ri 
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PAL Introduction 


PAL Family 


PAL Design Concepts 


PAL Applications 


Video Controller 0 


Article 
Reprints 


PAL/HAL/HMSI 
Specifications 


Representatives/Distributors 


Computer 
graphics 
is a rapidly 
growing 
field 
in the computer 


industry. 
It enables 
communication 
between 
the human 
being 
and 
the 
computer. 
The 
human 
eye 
can 
absorb 
information 


displayed 
in diagrams, 
numbers, 
letters and images much faster 
than it can absorb tables with numbers 
only. Computer 
graphics 
is penetrating 
into almost every professional 
field and the "video 
games" 
syndrome 
is 
spreading 
into 
more 
and 
more 
living 
rooms. 


The 
PAL 
family 
teams 
up 
to 
help 
the 
wide-spread 
use 
of 
computer 
graphics. 
By using high speed PALs, the designer 
can 


implement 
simulations 
and real time systems in an efficient 
way. 


The following 
designs 
are examples 
of the use of PALs in the 
video 
world. 


1. 10 BIT COUNTER 
[SN54n4LS491j 
This 
is ideal for 
video 
synch 
generation 
for CRT graphics 
including 
video 
games. 


This counter 
provides 
the vertical 
and horizontal 
coordinates 
required 
to 
address 
the 
graphic 
data. 
Video 
resolution 
is 


usually 
9 or .10 bits in the vertical 
and horizontal 
which 
in the 


past was supplied 
by three LS161's. These, of course, 
can be 


replaced 
by one LS491. This 
counter 
can also count 
down 
which 
allows 
screen 
coordinate 
reversal. 


2. Analog 
to digital 
and 
digital 
to analog 
converters, 
change 
analog 
signal 
into an equivalent 
digital 
code and vice versa. 


This function 
is commonly 
required 
in a digital 
system when 
the analog 
information 
has to be stored and then shown 
as a 
displacement 
on a CRT. 


3. The video logic design 
shows the reduction 
in the number 
of 


parts 
on a video-interface 
board 
using 
PALs. 


4. The video-eontroller 
board is an example 
of how to implement 
a video 
system 
using 
PALs. 


Implementing a Video Controller 
Using Programmable Array Logic 
by Ehud "Udi" Gordon 


The use of video is definitely a sign of the times and will be with 
us into the future. The video-controller board is the bridge 
between the outside world and the screen. There are many 
possibilities to implement the video-eontroller board, but an 


efficient one uses PALs. The following will simplify the con- 
struction of a video-eontroller board and will assistthe designer 
in eliminating board space problems. PALs are the backbone of 
this application. 


RS232 


9600 
BAUD 


There are words that belong to specific concepts within the 
video industry. For a clear understanding of how the video- 
controller board works we need to define some of them: 


FRAME - 
A single complete picture 


SCANNING - 
The process of analyzing successively, ac- 


cording to a predetermined method, the light values of picture 
elements which constitute the total picture area 


FRAME FREQUENCY - 
The number of times per second the 
picture area is completely scanned 


The frame frequency has been standardized at 30 frames per 
second, which gives a satisfactory illusion of motion continuity, 
although the individual picture elements are transmitted one 
after the other. A frequency of 30 frames per second is equal to 


> ,.-::: 
'=,. ~ 


Figure 1a. Odd 
Numbered 
Lines 
Scanned 
Generate 
the 
Odd Field 


RS170 


COMPOSITE 
VIDEO 


half the power-line frequency in most locations. Using this 
standardized rate, the entire screen is illuminated 30 times per 
second. This is too slow to give the impression of a truly steady 
light, so a flickering occurs. 


To overcome the flickering problem it is common to use the 
INTERLACED SCANNING METHOD. In this method the screen 
is divided into 525 lines and into two fields. There is an odd 
numbered field and an even numbered field. Eachof thesefields 
is made up of one-half of the screen by dividing the frame into 
odd and even numbered lines. First,all the odd numbered lines 
1, 3, 5, ... are scanned from top to bottom. After scanning a 
total of 262.5odd numbered lines, the even numbered lines are 
scanned from top to bottom, for the total of 525 lines. Each 
scanning period from top to bottom is 1/60 of a second and is 
called a FIELD. Two fields constitute a frame. 


Figure 1b. Even Numbered 
Lines 
Scanned 
Generate 
the 


Even Field 
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Figure lc. The Solid Lines 1, 3, 5, 
Represent the Odd Field. 
The Dashed Lines2, 4, 6 
Representthe EvenField 


FIELD FREQUENCY - 
The number 
of times 
per second 
the 
field 
is completely 
scanned 


The 
field 
frequency 
has 
been 
standardized 
at 60 fields 
per 
second. 
At this 
rate, the screen 
gets 
illuminated 
60 times per 
second 
which 
results 
in the 
disappearance 
of the flickering. 
(Notice 
that the frame 
frequency 
is still 
1/30 of a second.) 


At the end of each scan 
line the electron 
beam moves rapidly 
from right to left on the screen which gives the horizontal 
retrace. 


Then 
it moves across 
the 
next odd/even 
numbered 
scan line 
and 
returns 
retracing 
right 
to 
left. While 
the 
beam 
retraces, 


blanking 
pulses are transmitted 
which 
blank out the total screen 
for this time 
period. 


A HORIZONTAL SYNCHRONIZED PULSE is used to time the 
start 
of each 
horizontal 
scan 
line. The 
rate of the horizontal 


synchronizing 
pulse 
is equal 
to the total 
number 
of lines 
per 
frame multiplied 
by the number 
of frames transmitted 
per second: 


525 lines· 
30 frames 
= 15750 pulses/second 


A VERTICAL SYNCHRONIZED 
PULSE is used 
to time 
the 
start of each field. It occurs 
at the end of each field and causes 
the beam 
to go from 
bottom 
to top of the screen. 
During 
the 


Figure ld. The 
Odd and Even Fields Combined Generate 


One Frame 


vertical 
retrace, blanking 
pulses are transmitted 
which 
blank out 
the 
total 
screen 
for 
this 
time 
period. 
The 
rate of the vertical 
synchronizing 
pulse is equal to the number 
of fields transmitted 
per second: 
60 pulses/second. 


VISIBLE 
I--PORTION 
--I 
I 
.84 H 
I 


-~~--- 
~-- 
I 
I 
I 
I 
I 
I 
I 


/ 


BLANKING 
FOR ~I 
SYNCH 
AND 
RETRACE 
I 


.16 H 
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Video Controller 


A 
picture 
signal 
is 
defined 
as 
voltage 
levels 
which 
when 
combined 
with 
the 
synchronizing 
pulses 
generate 
A COM· 
POSITE 
VIDEO 
SIGNAL. 
There 
are two reference 
voltage 
levels; 
i.e., a high 
voltage 
level = white 
and a low voltage 
level = black 
(see 
Figure 
3). In between 
these 
reference 
levels 
are the 
gray 


tones 
The 
synchronizing 
pulses 
are 
below 
the 
black 
level so 
they 
do 
not 
produce 
light. 


The horizontal 
and vertical 
pulses 
along 
with 
the picture 
signals 
constitute 
a frame 
where 
15,750 
horizontal 
lines 
are 
scanned 


every 
second 
making 
one 
complete 
horizontal 
cycle 
of 
ap- 
prOXimately 
63.5 microsceonds 
(commonly 
called 
1H). Because 
of the front 
and the back porches 
(see Figure 
3) that are used for 
retrace 
time 
and 
synChronization, 
the 
visible 
portion 
lasts ap- 


proximately 
54 
microseconds. 
The 
time 
from 
the 
start 
of one 
field 
to 
the 
start 
of the 
next 
field 
is 262.5H 
or 
1V. 


Figure 
6 illustrates 
the 
relationship 
between 
(a) the 
horizontal 
and vertical 
sweeps 
and (b) the line and the field blanking. 
A field 
blanking 
signal 
starts 
at Point 
A which 
is the 
initiation 
of the 


vertical 
retrace 
where 
the electron 
beam 
is at the bottom 
of the 
screen. 
During 
the vertical 
retrace 
period, 
the beam moves 
back 
and forth 
across 
the screen 
until 
it reaches 
the top of the screen 
(see Figure 
5). The 
field 
remains 
blank 
until 
the beam 
reaches 
Point 
B. From 
Point 
B the beam 
is visible 
until 
it nears the right 
edge 
of the screen. 
At this time, 
horizontal 
blanking 
occurs 
and 
the 
beam 
moves 
from 
the 
right 
edge 
to 
the 
left edge 
of the 
screen. 
Horizontal 
blanking 
occurs 
263 times 
for each 
field. 
At 


Point 
C, a new 
vertical 
retrace 
for the 
next 
field 
is initiated. 
At 
Point 
D, the beam 
finishes 
the scan of the entire 
screen 
for one 
frame. 
This 
point 
corresponds 
to Point 
A in the first field, 
so a 


field 
blanking 
occurs 
again. 


BLACK 


SHADE 


UNDER 
LEAD 


Figure 4. A Waveform 
of Video 
Voltage 
Produced 
by Scanning 
One 
Line 
on a Televised 
Screen 
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Figure 7 shows the actual movement 
of the beamand the effect 


of the line and the field blanking on the screen. The shaded 
portions at the top and bottom of the screen represent field 
blanking, while the shaded portion at the left and right edgesof 
the screen represent line blanking. The combination of the 
shaded portions with the unshaded portions represent the 


From a single scan line to a complete picture which defines a 
frame, we have presented the concept and the process for 
sending information (a composite video 
signal) to a video 


receiver. 


RS232 


9600 
BAUD 


RS170 


COMPOSITE 
VIDEO 


16 LINES 
48 CHARACTERS 
PER LINE 


From the Keyboard to the 
Video Controller 


The 
input 
to 
our 
video 
controller 
comes 
from 
a 
keyboard 


terminal 
or a computer. 
The 
information 
is transferred 
via an 


RS232 
port 
to 
the 
video 
controller, 
one 
bit at a time. 
Each 


character 
is represented 
in ASCII 
code and is detected 
by the 


video 
controller 
only 
if a start 
signal 
was first 
issued. 


+12V 


-12V 
MARK 


Figure 
9. Each 
Character 
Consists 
of 10 Bits 


1 Start 
Bit 
7 ASCII 
Bits 
1 Parity 
Bit 


1 Stop 
Bit 


The 
design 
is based 
on using 
260 scan 
lines and an 8 MHz 
crystal. 
In order to obtain 
the standard 
horizontal 
period of 63.5 


microseconds, 
each 
horizontal 
line is divided 
into 
512 cycles 


giving a line period of 512/8 = 640 microseconds. 
The frequency 


of 
the 
electron 
beam 
is equal 
to 
the 
power 
line 
frequency 


(60 Hz) so in a clear environment 
(without 
noise) the picture 
is 
clear and steady. 


8 MHz 


FRAME RATE = ---------- 
= 60.09 Hz 
260 scan 
lines 
• 512 cycles 
per line 


These figures 
and calculations 
are explained 
and diagrammed 


in detail 
in the section 
on implementation. 


From the Video Controller to 
the Video Screen 


Our video 
controller 
uses a NON-INTERLACED 
METHOD 
for 


scanning 
(see Figrue 
10). In this method, 
the traced 
lines are 
adjacent 
and each frame 
consists 
of 260 scanned 
lines. Each 


field 
is equal to a frame which 
changes 
the definition 
of a field 


so that a complete 
frame is now transmitted 
in 1/60 of a second. 


Figure 
11 shows 
the horizontal 
and the vertical 
sweeps 
which 


cut in half the common 
frame frequency 
and now generate two 
frames 
for 
the 
same 
amount 
of 
time. 
At 
the 
end 
of 
each 


horizontal 
line, the electron 
beam moves rapidly 
from 
the right 


edge to the 
left edge 
of the screen 
while 
blanking 
pulses are 
transmitted 
(Points 
C-D 
in Figure 
11). 


.:..::. 


.:..:.. 


"" 
"" 
"" 
"" ~ 


"" 
"" 
"" 
"" 
"" 
"" 


START 
A 
OF EACH 
FIELO OR FRAME 


Figure 10. Non-interlaced 
Scanning. 
260 Solid Lines Represent 


a Frame. The Dashed 
Lines are the Retrace 
Lines. 


Video Controller 


I_ 
520H 
-I 


I_ 
260H 
-I- 
260H 
-I 


~------~-~------~-~ 


l.----START 
?V 
START 
I 
I 
ONE 
I 
SECOND 


1 
FRAME 
(FIELD) 
1 
FRAME 
(FIELD) 
I 


I 
I 
1 


c/ 


HORIZONTAL 
SWEEP 
15600 P.S. 


VERTICAL 
SWEEP 
60 P.S. 


Figure 11. 520 Horizontal Lines Generate Two Fields Which 
Constitute Two FramesIn A Non-InterlacedScanning 


At the end of 260 horizontal lines, the electron beam is blanked 
out while it goes back from the bottom to the top of the screen 
(Points E-F in Figure 11). 


The video controller can display a maximum of 16 visible 
character-lines with 48 visible characters per character-line. 
Each character is produced by a 5x7 character generator. A 
character-line on the screen consists of twelve dot-lines: seven 
dot-lines for the character and five blank dot-lines for space 


between the character-lines. Each dot in a dot-line is called 
a PIXEL. 


Figure 12 shows one character-line with the characters "U, D, I" 
and all the pixels that built these three characters on the screen. 
These pixels or character elements are sent one after the other 
in an orderly sequence across the dot-line. Twelve dot-lines are 
rapidly transmitted to create one character-line. This is called 
SUCCESSIVE METHOD OF TRANSMISSION (see Figure 13). 


Figure 12. 
One Character-line 
With Three Characters 


7 DOT ·L1NES 
{ 
FOR THE 
CHARACTER 


5 BLANK 


DOT·LINES 
{ 
FOR 
SPACE 
BETWEEN 
CHARACTER 
LINES 


.000.000 
•••• 00000 ••• 0000 


.000.000.000.00000.00000 
.000.000.000.00000.00000 
.000.000.000.00000.00000 
.000.000.000.00000.00000 
.000.000.000.00000.00000 
0••• 0000 •••• 00000 ••• 0000 
000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
oooooooooooo~ooooooooooo 
ooooooooooooOfOooooooooo 


PIXEL 


.000.000 
1 


.000.000 
2 


a0008000 
3 
aooo.ooo 
4 


.000.000 
5 
8000.000 
6 


0 ••• 
0000 
7 
00000000 
• 
00000000 
• 


00000000 
,. 


00000000 
11 


00000000 
12 


Figure 13. Successive Method of Transmission. For Simplicity 


Assume Only One Character 'U'. Each Dot-line is 
Sent In Orderly Sequence. 


Our 
video-eontroller 
board 
is divided 
into two subsystems 


which are connected by a RAM. The RAM is time shared by the 
two subsystems and provides the effect of a multi-port RAM. An 
8-bit ASCII code is entered into the system through a "write 
only" port which is connected by the RS232 interface. The code 
is written 
into the RAM in locations 
indicated 
by pointers 


"SCROL" and "CURS". We don't write every cycle, but we read 
every cycle. The code is read from the RAM from locations 
indicated 
by pointers "LINES" and "CHAR" and transferred 


through 
a "read 
only" 
port 
to a character 
generator 
that 


generates 
the 
pixels 
for 
the 
screen. 
The 
"read" 
is done 


continuously 
so the picture looks steady. "Write" is done upon 


receipt of a special signal. 


To build the video-eontroller board we used a RAM, a character 
generator 
and 
counters 
that 
are 
used 
as pointers/special 


module counters. Monolithic Memories' PALs provide an excel- 
lent replacement for TTL counters. They can be programmed to 
count in any desired mode. The PAL meets the requirements of 
the standard TTL SSIIMSI of 25 nsec propagation delay while 
reducing the chip count on the board. The PAL can generate 
non-standard 
functions 
which are not available on standard 


chips. By customizing the PAL to give only the functions that 
are needed, the user can save board space. The following 
is a 


detailed design of a video controller using Monolithic Memories 
PALs. 


Figure 14. The RAM Divides the Board Into Two Subsystems: 


a) Write Only Subsystem; 
From the Keyboard to the RAM. 
b) Read Only SUbsystem; From the RAM to the Video Receiver. 
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VIDEO 


1. VP1 
is a shift register 
for the dots 
in a dot-line 
of each 
character. 
"DTCNT" 
counts 
8 dots for each 
character 
(PAL2DXB). 


2. VP2 generates 
the 5 least significant 
bits of the address to the RAM (PAL20X10): 
"CHAR", 
when reading 
from the RAM; "CURS", 
when writing 
Into the RAM. 


3. VP3 counts 
12 dot-lines 
per 1 character-line 
and the number 
of lines in the whole 
screen 
(PAL2DX10). 


4. VP4 generates the 4 most significant 
bits of the address to the RAM (PAL20Xl0): 
"LINES", when reading from the RAM, "SCROL", when writing 
into the RAM. 


5. VP5 generates 
the baud rate and the composite 
video signal 
(PAL20X8). 


6. VP6 is a shift 
register. 
It loads the ASCII 
bits in serial form from 
the RXD line 
(PAL20X8). 


7. VP7 generates 
the "SAMPLE" 
pulses, the "READY" 
signal when a code for a character 
is in the UART, and detects a false "START" 
signal 
(PAL20X10). 


8. VP8 controls 
the RAM (PAL20X10). 


9. Monolithic 
Memories' 
6055 
is used as a character 
generator. 


10. Hitachi 
HM6116P: 2048 words 
x 8 bits high speed static 
CMOS RAM is used in our design. 
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The Video controller 
provides 
a 16 line by 48 character 
display 
for use with 


standard CRT monitors 
and televisions. 
The controller 
"listens" 
to standard 
RS232C 
serial data via a 25 pin 
DB-25 
plug/socket 
pair 
inserted 
into any 
Computer/Terminal 
RS232C 
interface. 
The controller 
stores the serial data 
in 


a 2Kx8 RAM and continuously 
displays 
it on the RS170 composite 
video output. 
Eight 
PALs and one character 
generator 
provide 
the control 
circuitry, 
mounted 


on a 5x7 inch PCB. 


lines per frame 
characters 
per line 
character 
format 
ASCII character 
set 


scanning method 
scans per frame 
scans per line 
frame period 
scan period 
character 
period 
dot period 


input specification 
speed 
format 
low level 
high level 
input impedance 
input connector 


output 
specification 
sync pulse 
horizontal 
blanking 
sync level 
black level 
white 
level 
output 
drive 
output connector 


power 
input voltage 
line frequency 


16 
48 
5x7 
64 
(upper case) 


non-interlace 
260 
(312 optional) 
12 
16.64 milli 
seconds 
(19.968 optional) 


64 micro 
seconds 
1 micro 
second 
125 nano seconds 


RS232C 
9600 Baud 
(4800,2400,1200 
optional) 


7 bits, mark parity, one stop bit 
-3 to -12 Volts 
+6 to +12 Volts 
30K Ohm 
25 pin DB-25P/DB-25S 


RS170 
(composite video) 
4 micro seconds 
16 micro seconds 
0.4 Volts 
0.8 Volts 
1.8 Volts 
75 Ohm termination 
RCA Audio Jack 


12 Watts 
100-120 Volts AC 
(200-240 optional) 


50/60 Hz 


Dot Generator 


PAL20X8 


vcc 


CKOUT 


OOT 
0 


DOT1 


DOT2 


DOT3 


00fi 


DTCNTO 


DTCNT1 
mil 
DTCNT2 


OSCOUT 


OC 


PAL20X8 
VPl 
DOT 
GENERATOR 


MMI 
SUNNYVALE, 
CALIFORNIA 
CKIN 
/DO 
/Dl 
/D2 
/D3 
/D4 
/HBLANK 
/INITS 
/SCAN3 


/oe 
OSCOUT 
/DTCNT2 
/DTCNTI 
/DTCNTO 
/OOT4 
/OOT3 
CKOUT 
VCC 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/KAZMI/UDI 
7/7/81 


/LINE4.0SCIN 
GND 
/OOT2 
/OOTI 
/DOTO 


DOTI 
:= 
/HBLANK*/LINE4*/SCAN3*DTCNT2*DTCNTl*DTCNTO*Dl 
+ 
/HBLANK*/LINE4*/SCAN3*/DTCNT2*DOTO 


DOT2 
:= 
/HBLANK*/LINE4*/SCAN3*DTCNT2*DTCNTl*DTCNTO*D2 
+ 
/HBLANK*/LINE4*/SCAN3*/DTCNT2*DOTI 


DOT3 
:= 
/HBLANK*/LINE4*/SCAN3*DTCNT2*DTCNTl*DTCNTO*D3 
+ 
/HBLANK*/LINE4*/SCAN3*/DTCNT2*DOT2 


DOT4 
:= 
/HBLANK*/LINE4*/SCAN3*DTCNT2*DTCNTl*DTCNTO*D4 
+ 
/HBLANK*/LINE4*/SCAN3*/DTCNT2*DOT3 


DTCNTO 
:= 
/INITS*DTCNTO 
+ 
/INITS*DTCNTO 
:+: /INITS 


DTCNTI 
:= 
/INITS*DTCNTI 
+ 
/INITS*DTCNTI 
:+: /INITS*DTCNTO 


DTCNT2 
:= 
/INITS*DTCNT2 
+ 
/INITS*DTCNT2 
:+: /INITS*DTCNTO*DTCNTI 


;LOAD 
;SHIFT 


;LOAD 
;SHU'T 


;LOAD 
;SHIFT 


;LOAD 
;SHIFT 


;HOLD 
;EXTEND 
;INC 


;HOLD 
;EXTEND 
;INe 


;HOLD 
;EXTEND 
;INe 


Video Controller 


FUNCTION 
TABLE 


CKIN 
D4 
D3 
D2 
D1 
DO HBLANK INITS 
SCAN3 
LINE4 
OSCIN 
loe OSCOUT 
DTCNT2 


DTCNT1 
DTCNTO 
DOT4 
DOT3 
DOT2 
DOT! 
DOTO CKOUT 


H 
0 
B 
I 
S 
L 
0 
S 
C 


C 
L 
N 
C 
I 
S 
C 
K 


K 
A 
I 
A 
N 
C 
I 
0 
0 


I 
DATA IN 
N 
T 
N 
E 
I 
0 
U 
DTCNT 
DOT 
U 


N 
04---DO 
K 
S 
3 
4 
N 
C 
T 
210 
43210 
T 
COMMENTS 


--------------------------------------------------------------------------- 
C 
XXXXX 
X 
H 
X 
X 
X 
L 
X 
LLL 
XXXXX 
X 
INITIALIZE 
DTCNT 


C 
XXXXX 
X 
L 
X 
X 
X 
L 
X 
LLH 
XXXXX 
X 
INC 
DTCNT 


C 
XXXXX 
X 
L 
X 
X 
X 
L 
X 
LHL 
XXXXX 
X 
INC 
DTCNT 


C 
XXXXX 
X 
L 
X 
X 
L 
L 
H 
LHH 
XXXXX 
H 
INC 
DTCNT, 
OSCILIN 
L 
C 
XXXXX 
X 
L 
X 
X 
H 
L 
L 
HLL 
XXXXX 
L 
INC 
DTCNT, 
OSCILIN 
H 
C 
XXXXX 
X 
L 
X 
X 
X 
L 
X 
HLH 
XXXXX 
X 
INC 
DTCNT 


C 
XXXXX 
X 
L 
X 
X 
X 
L 
X 
HHL 
XXXXX 
X 
INC 
DTCNT 


C 
XXXXX 
X 
L 
X 
X 
X 
L 
X 
HHH 
xxx XX 
X 
INC 
DTCNT 


C 
LHLHL 
L 
L 
L 
L 
X 
L 
X 
LLL 
LHLHL 
X 
DATA IS 
LOADED 


C 
XXXXX 
L 
L 
L 
L 
X 
L 
X 
LLH 
HLHLL 
X 
OUTPUT 
TO SCREEN 
H 


C 
XXXXX 
L 
L 
L 
L 
X 
L 
X 
LHL 
LHLLL 
X 
OUTPUT 
TO SCREEN 
L 


C 
XXXXX 
L 
L 
L 
L 
X 
L 
X 
LHH 
HLLLL 
X 
OUTPUT 
TO SCREEN 
H 


C 
xxx xx 
L 
L 
L 
L 
X 
L 
X 
HLL 
LLLLL 
X 
OUTPUT 
TO SCREEN 
L 


C 
XXXXX 
L 
L 
L 
L 
X 
L 
X 
HLH 
LLLLL 
X 
SEND 
BLANK TO SCREEN 


C 
XXXXX 
L 
L 
L 
L 
X 
L 
X 
HHL 
LLLLL 
X 
SEND 
BLANK TO SCREEN 


C 
xxx xx 
L 
L 
L 
L 
X 
L 
X 
HHH 
LLLLL 
X 
SEND 
BLANK TO SCREEN 


C 
HLHLH 
L 
L 
L 
L 
X 
L 
X 
LLL 
HLHLH 
X 
NEW DATA IS 
LOADED 


C 
XXXXX 
L 
L 
L 
L 
X 
L 
X 
LLH 
LHLHL 
X 
OUTPUT 
TO SCREEN 
= 
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REGISTER 
AND 
THE 
3-BIT 
DOT 
COUNTER. 
IT 
IS LOADED 
WITH 
THE 
5 DOTS 
GENERATED 
BY 
THE 
CHARACTER 
GENERATOR. 
THESE 
DOTS 
ARE 
SHIFTED 
OUT 
THROUGH 
A SHIFT 
REGISTER, 
ONE 
DOT 
AT 
A TIME 
AND 
DISPLAYED 
ON 
THE 
SCREEN. 
"DTCNT" 


COUNTS 
UNTIL 
8: 
5 COUNTS 
FOR 
THE 
CHARACTER 
AND 
3 COUNTS 
FOR 
SPACE 
BETWEEN 
CHARACTERS. 


.000.000 
1 
.000.000 
2 
.000.000 
3 
.000.000 
4 
.000.000 
5 
.000.000 
6 


0••• 0000 
7 


5 CHARACTER 
DOTSH-I3 SPACE 
DOTS 


THE 
20X8 
IS A REGISTERED 
PAL. 
DATA 
SHOULD 
BE VALID 
AND 
STABLE 
ON 
THE 
INPUT 
PINS 
ONE 
CYCLE 
BEFORE 
IT APPEARS 
ON 
THE 
OUTPUT 
PINS. 
THE 
REGISTER 


IS TRIGGERED 
ON 
THE 
RISING 
EDGE 
OF 
THE 
CLOCK 
AND 
THE 
DATA 
IS AVAILABLE 
ON 
THE 
OUTPUT 
PINS 
DURING 
THE 
NEXT 
CLOCK 
CYCLE. 


WHEN 
"LINE4" 
AND/OR 
"SCAN3" 
ARE 
SET, 
"DOT" 
SENDS 
BLANK 
DOTS 
TO 
THE 
SCREEN 
FOR 
GENERATING 
SPACES 
BETWEEN 
CHARACTER 
LINES 
AND 
FOR 
THE 
MARGINS 
OF 
THE 
SCREEN. 
THE 
OUTPUT 
FROM 
THE 
REGISTER 
TO 
THE 
SCREEN 
IS THROUGH 
"DOT4". 


~Pf 
OSCIN 


SkO 


1 CXXXXXXOXXXXOXHHHXXXXXXI 
2 CXXXXXXIXXXXOXHHLXXXXXXI 
3 CXXXXXXIXXXXOXHLHXXXXXXI 
4 CXXXXXXIXXOXOHHLLXXXXXHI 
5 CXXXXXXIXXIXOLLHHXXXXXLI 
6 CXXXXXXIXXXXOXLHLXXXXXXI 
7 CXXXXXXIXXXXOXLLHXXXXXXI 
8 CXXXXXXIXXXXOXLLLXXXXXXI 
9 CI0I0IIIIIXXOXHHHHLHLHXl 
10 CXXXXXIIIIXXOXHHLLHLHHXI 
11 CXXXXXIIIIXXOXHLHHLHHHXI 
12 CXXXXXIIIIXXOXHLLLHHHHXI 
13 CXXXXXIIIIXXOXLHHHHHHHXI 
14 CXXXXXIIIIXXOXLHLHHHHHXI 
15 CXXXXXIIIIXXOXLLHHHHHHXI 
16 CXXXXXIIIIXxOXLLLHHHHHXI 
17 COI0I0IIIIXXOXHHHLHLHLXl 
18 CXXXXXIIIIXXOXHHLHLHLHXI 


Video Controller 


DOT 
GENERATOR 


11 
1111 
1111 
2222 
2222 
2233 
3333 
3333 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 
1 
---x /OSCOUT 


8 -x-- 
x--- ---x x--x x--x 
/HBLANK*/LlNE4*/SCAN3*D- 


16 
-x-- 
x--- ---x x--x x--x 
/HBLANK*/LlNE4*/SCAN3*0- 


17 
---x 
x--- 
x--- x-x- 
/HBLANK*/LlNE4*/SCAN3*/- 


24 
-x-- 
x--- ---x x--x x--x 
/HBLANK*/LlNE4 
*/SCAN3 *0- 
25 
---x ---- 
x--- 
x--- x-x- 
/HBLANK*/LlNE4*/SCAN3*/- 


32 
-x-- 
x--- ---x x--x x--x 
/HBLANK*/LINE4*/SCAN3*0- 
33 
---x 
x--- 
x--- x-x- 
/HBLANK*/LlNE4*/SCAN3*/- 


40 
-x-- x--- ---x x--x x--x 
/HBLANK*/LlNE4*/SCAN3*0- 


41 
---x x--- 
x--- x-x- 
/HBLANK*/LlNE4*/SCAN3*/- 


48 
x--x 
/INITS*oTCNTO 


49 
x--x 
/INITS*oTCNTO 


50 
x--- 
/INITS 


56 
x--- ---x ---- 
/INITS*oTCNT1 


57 
x--- ---x 
/INITS*oTCNT1 


58 
x--x 
/INITS*oTCNTO 


64 
x--- 
---x 
/INITS*oTCNT2 


65 
x--- 
---x 
/INITS*oTCNT2 


66 
x--x ---x 
/INITS*oTCNTO*oTCNT1 


72 
73 
x--- OSCIN 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,1) 


NUMBER 
OF 
FUSES 
BLOW = 
805 


, •... 
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., 
1111 
II 
1) 
1. 
I~ 
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011 
l 
• 
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CHAR/CURS 
Generator 


DTCNTO 
2 


DTCNT1 
J 


DTCNT2 
4 


INITS 
~ 


SWAPC 
6 


CHARO 
1 


CURSO 
8 


CURS4 


CHAR3 


CURS3 


CHAR2 


CURS2 


CHAR1 
WRITE 


INCSCR 
11 


PAL20X10 
VP2 
CHAR/CURS 
GENERATOR 


MMI 
SUNNYVALE, 
CALIFORNIA 


CK 
/D'K:NTO /D'K:NT1 /D'K:NT2 /INITS 
/SWAPC 
/CHARO 
/CURSO 
/BS 
/WRITE 
/INCSCR 
GND 


/ex:. 
/CURS1 
/CHARl 
/CURS2 
/CHAR2 
/CURS3 
/CHAR3 
/CURS4 
iCHAR4 
/CURSS 
/CHARS 
VCC 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/KAZMI/UDI 
7/9/81 


CHARl 
:= 
SWAPC*/INITS*CURS1 
+ /SWAPC*/INITS*D'K:NTO*D'K:NT1*D'K:NT2*CHARO 
:+:/SWAPC*/INITS*CHARl 


:SWAP 
WITH 
CURS 


:INC 
:HOLD 


CHAR2:= 
SWAPC*/INITS*CURS2 
+ /SWAPC*/INITS*D'K:NTO*D'K:NT1*D'K:NT2 
* CHARO*CHARl 
:+:/SWAPC*/INITS*CHAR2 


:SWAP 
WITH 
CURS 


:INC 


CHAR3:= 
SWAPC*/INITS*CURS3 
+ /SWAPC*/INITS*D'K:NTO*D'K:NT1*D'K:NT2 
* CHARO*CHARl*CHAR2 
:+:/SWAPC*/INITS*CHAR3 


:SWAP 
WITH 
CURS 


:INC 


CHAR4:= 
SWAPC*/INITS*CURS4 
+ /SWAPC*/INITS*D'K:NTO*D'K:NT1*D'K:NT2 
* CHARO*CHARl*CHAR2*CHAR3 
:+:/SWAPC*/INITS*CHAR4 


:SWAP 
WITH 
CURS 
:INC 


CHARS:= 
SWAPC*/INITS*CURSS 
+ /SWAPC*/INITS*D'K:NTO*D'K:NT1*D'K:NT2 
* CHARO*CHARl*CHAR2*CHAR3*CHAR4 
:+:/SWAPC*/INITS*CHARS 


:SWAP 
WITH 
CURS 
:INC 


CURS1:= 
SWAPC*/INITS*/INCSCR*CHARl 
+ /SWAPC*/INITS*/INCSCR*CURS1 
:+:/SWAPC*/INITS*/INCSCR 
* WRITE* 
D'K:NT2*D'K:NT1*/D'K:NTO *CVRSO 


:SWAP 
WITH 
CHAR 


:HOLD 
:INC 


CURS2:= 
SWAPC*/INITS*/INCSCR*CHAR2 
+ /SWAPC*/INITS*/INCSCR*CURS2 
:+:/SWAPC*/INITS*/INCSCR 
* WRITE* 
D'K:NT2*D'K:NT1*/D'K:NTO 


* CURSO* 
CURS1 


:SWAP 
WITH 
CHAR 


:HOLD 
:INC 


CURS3:= 
SWAPC*/INITS*/INCSCR*CHAR3 
+ /SWAPC*/INITS*/INCSCR*CURS3 
:+:/SWAPC*/INITS*/INCSCR 
* WRITE* 
D'K:NT2*D'K:NT1*/D'K:NTO 


* CURSO* 
CURS1*CURS2 


:SWAP 
WITH 
CHAR 


:HOLD 
:INC 


CURS4:= 
SWAPC*/INITS*/INCSCR*CHAR4 
+ /SWAPC*/INITS*/INCSCR*CURS4 
:+:/SWAPC*/INITS*/INCSCR 
* WRITE* 
D'K:NT2*D'K:NT1*/D'K:NTO 
* CURSO* 
CURS1*CURS2*CURS3 


:SWAP 
WITH 
CHAR 


:HOLD 
:INC 


CURSS 
.= 
SWAPC*/INITS*/INCSCR*CHARS 
+ /SWAPC*/INITS*/INCSCR*CURS5 
:+:/SWAPC*/INITS*/INCSCR 
* WRI TE* 
D'K:NT2*D'K:NT1*/D'K:NTO 
* CURSO* 
CURS1*CURS2*CURS3*CURS4 


:SWAP 
WITH 
CHAR 


:HOLD 
:INC 


Video Controller 


FUNCTION 
TABLE 


CK 
DTCNT2 
DTCNTI 
DTCNTo 
INITS 
SWAPC 
BS 
WRITE 
INCSCR 
IOC 
CURS5 
CURS4 
CURS 3 CURS2 
CURSI 
CURSo 
CHARS 
CHAR4 
CHAR3 
CHAR2 
CHARl 
CHARo 


I 
I 
S 
W 
N 
N 
W 
R 
C 
I 
A 
I 
S 
I 
C 
DTCNT 
T 
P 
B 
T 
C 
0 
CURS 
CHAR 
K 
210 
S 
C 
S 
E 
R 
C 
54321 
a 
54321 
a 
COMMENTS 
-------------------------------------------------------------------------- 
C 
XXX 
H 
X 
X 
X 
X 
L 
LLLLL 
L 
LLLLL 
L 
INITIALIZE 
CHAR 
AND 
CURS 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
INCREMENT 
CHAR, 
HOLD 
CURS 
C 
LLH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
HOLD 
CHAR 
AND 
CURS 
C 
LHL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
HOLD 
CHAR 
AND 
CURS 
C 
LHH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
HOLD 
CHAR 
AND 
CURS 
C 
HLL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
HOLD 
CHAR 
AND 
CURS 
C 
HLH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
HOLD 
CHAR 
AND 
CURS 
C 
HHL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLL 
H 
HOLD 
CHAR 
AND 
CURS 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
H 
INCREMENT 
CHAR 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
L 
HOLD 
CHAR 
AND 
CURS 
C 
LLH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
L 
HOLD 
CHAR 
AND 
CURS 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
L 
INCREMENT 
CHAR 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
H 
CHAR = 3 
C 
LLH 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
H 
HOLD 
CHAR 
AND 
CURS 
C 
LHL 
L 
L 
X 
X 
L 
L 
LLLLL 
L 
LLLLH 
H 
HOLD 
CHAR 
AND 
CURS 
C 
LHH 
L 
H 
X 
X 
L 
L 
LLLLH 
H 
LLLLL 
L 
SWAP 
CHAR 
AND 
CURS 
C 
HLL 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLLL 
H 
SET 
CHARo 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLLH 
H 
INCREMENT 
CHAR ro 
3 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHL 
H 
INCREMENT 
CHAR, 
HOLD 
CURS 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHL 
L 
CHAR 
= 4 
C 
HHL 
L 
L 
X 
L 
L 
L 
LLLLH 
H 
LLLHL 
L 
HOLD 
CHAR 
AND 
CURS 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHL 
L 
INCREMENT 
CHAR 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHL 
H 
CHAR = 5 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHH 
H 
INCREMENT 
CHAR 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHH 
L 
CHAR 
= 6 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLLHH 
H 
CHAR = 7 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLHLL 
H 
INCREMENT 
CHAR 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLHLL 
L 
CHAR 
= 8 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLHLH 
H 
INCREMENT 
CHAR ro 11 
C 
LLL 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLHLH 
H 
CHAR = 11 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLHHL 
H 
SET CHARo, 
INC CHAR 
BY 
2 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LLHHH 
H 
CHAR 
= 15 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLLH 
H 
LHLLL 
H 
CHAR 
= 17 
C 
HHL 
L 
L 
X 
H 
L 
L 
LLLHL 
H 
LHLLL 
H 
INCREMENT 
CURS 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLHL 
L 
LHLLH 
H 
CHAR = 19, CURS 
4 
C 
HHL 
L 
L 
X 
H 
L 
L 
LLLHH 
H 
LHLLH 
H 
CURS = 7 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLLHH 
H 
LHLHL 
H 
CHAR = 21 
C 
HHL 
L 
L 
X 
H 
L 
L 
LLHLL 
H 
LHLHL 
H 
CURS 
9 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLHLL 
H 
LHLHH 
H 
CHAR 
23 
C 
HHL 
L 
L 
X 
H 
L 
L 
LLHLH 
H 
LHLHH 
H 
CURS 
11 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLHLH 
H 
LHHLL 
H 
CHAR 
25 
C 
HHL 
L 
L 
X 
H 
L 
L 
LLHHL 
H 
LHHLL 
H 
CURS = 13 


C 
HHB 
L 
L 
X 
X 
L 
L 
LW1t1L 
t1 
Lnn~n 
n 


C 
HHL 
L 
L 
X 
H 
L 
L 
LLHHB 
H 
LHHLH H 
CURS 
15 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
LHHHL H 
CHAR 
29 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
LHHHH H 
CHAR 
31 


C 
HBH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLLLL 
H 
CHAR 
33 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLLLH 
H 
CHAR 
35 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLLHL 
H 
CHAR 
37 


C 
HHB 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLLHH H 
CHAR" '" 39 


C 
HHB 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLHLL 
H 
CHAR 
41 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLHLH H 
CHAR 
43 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHB 
H 
HLHHL H 
CHAR 
45 


C 
HBH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HLHHH H 
CHAR 
47 


C 
HHB 
L 
L 
X 
X 
L 
L 
LLHHH H 
HHLLL 
H 
CHAR 
49 
C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HHLLH H 
CHAR 
51 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHB 
H 
HBLHL 
H 
CHAR 
53 


C 
HBH 
L 
L 
X 
X 
L 
L 
LLHHB H 
HHLHB H 
CHAR 
55 


C 
HBH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HHHLL H 
CHAR 
57 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HHHLH H 
CHAR 
59 


C 
HHH 
L 
L 
X 
X 
L 
L 
LLHHB 
H 
HHHHL H 
CHAR 
61 


C 
HBH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HBHHH H 
CHAR 
63 


C 
LLL 
L 
L 
X 
X 
L 
L 
LLHHB 
H 
HBHHH H 
CHAR 
63, 
DTCNT 
0 


C 
LLH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HBHHH H 
CHAR 
63, 
DTCNT 
1 


C 
LHL 
L 
L 
X 
X 
L 
L 
LLHHH H 
HBHHH H 
CHAR 
63, 
DTCNT 
2 


C 
LHB 
L 
L 
X 
X 
L 
L 
LLHHH H 
HHHHB H 
CHAR 
63, 
DTCNT 
3 


C 
HLL 
L 
L 
X 
X 
L 
L 
LLHHB 
H 
HBHHH H 
CHAR 
63, 
DTCNT 
4 


C 
HLH 
L 
L 
X 
X 
L 
L 
LLHHH H 
HBHHH H 
CHAR 
63, 
DTCNT 
5 


C 
HBL 
L 
L 
X 
H 
L 
L 
LHLLL 
H 
HBHHH H 
INCREMENT 
CURS 


C 
HBH 
L 
L 
X 
X 
L 
L 
LHLLL 
L 
LLLLL 
H 
CURS'" 
14, 
INCREMENT 
CHAR 


C 
HHB 
L 
L 
X 
X 
L 
L 
LHLLL 
L 
LLLLL 
L 
CURS 
'" 14, 
CHAR '" 0 
--------------------------------------------------------------------------- 


"CHAR" 
AND 
"CURS" 
COUNT 
THE 
NUMBER OF 
CHARACTERS 
PER 
LINE. 
THEY 
ARE 
ALSO 
USED 
AS 
POINTERS 
TO THE 
RAM. 
"CURS" 
IS 
USED 
WHEN A CHARACTER 
IS 
WRITTEN 
INTO 
THE 
RAM AND 
"CHAR" 
WHEN A CHARACTER 
IS 
READ 
FROM THE 
RAM. 
"CURS" 
IS 
ALWAYS 
POINTED 
TO THE 
NEXT 
AVAILABLE 
LOCATION 
IN 
THE 
RAM WHERE A NEW CHARACTER 
CAN BE 
STORED. 


"CHAR" 
IS 
INCREMENTED 
AT 
THE 
END OF 
8 
PIXELS 
MEANING 
IT 
COUNTS 
AFTER 
EACH 
CHARACTER. 
IT 
COUNTS 
FROM 0 
TO 63 
ALTHOUGH 
ONLY 48 
CHARACTERS 
ARE 
VISIBLE. 
THE 
HORIZONTAL 
SYNC 
PULSE 
IS 
GIVEN 
BETWEEN 
CHARACTERS 
56 
AND 59. 
DURING 
THE 
COUNTS 
OF 
CHAR FROM 48 
TO 63, 
BLACK 
SIGNALS 
ARE 
TRANSMITTED 
TO THE 
SCREEN. 
"CURS" 
IS 
INCREMENTED 
FOR 
ANY OPERATION 
ON THE 
KEY BOARD. 
THE 
'IWO POINTERS 
USE 
THE 
RAM IN 
INTERLIVED 
FASHION. 
READ 
IS 
DONE EVERY 
CYCLE, 
BUT WRITE 
IS 
DONE ONLY WHEN A WRITE 
SIGNAL 
IS 
GIVEN. 
THE 
WRITE 
SIGNAL 
IS 
SET 
WHEN A NEW CHARACTER 
ENTERS 
THE 
SYSTEM 
THROUGH THE 
RS232 
PORT. 


THE 
FUNCTION 
TABLE 
ABOVE 
DESCRIBES 
OPERATIONS 
OF 
READ AND WRITE 
FOR 
A 
CERTAIN 
LINE. 
WHEN THIS 
LINE 
WAS PRINTED, 
64 
CHARACTERS 
WERE READ AND 
15 
CHARACTERS 
WERE WRITTEN. 


1 CXXXOX11XXXXOHHHHHHHHHH1 
2 C1111101XX1xOHHHHHHHHHH1 
3 C0111101XX1XOHHHHHHHHHH1 
4 C1011101XX1XOHHHHHHHHHH1 
5 C0011101XX1XOHHHHHHHHHH1 
6 C1101101XX1xOHHHHHHHHHH1 
7 C0101101XX1XOHHHHHHHHHH1 
8 C1001101XX1XOHHHHHHHHHH1 
9 C0001101XXlxOHLHHHHHHHH1 


10 C1II1II1XXIXOHLHHHHHHHH1 
11 COIIII11XXIXOHLHHHHHHHHI 
12 COOOIIIIXXIXOHLHHHHHHHH1 
13 C1I11I01XX1XOHLHHHHHHHHI 
14 C0111I01XXIXOHLHHHHHHHHI 
15 CI011IOIXX1XOHLHHHHHHHHI 
16 C0011010XX1XOLHHHHHHHHH1 
17 CI101IOOXX1XOLHHHHHHHHHI 
18 C0001IOOXXlxOLLHHHHHHHHl 
19 COOOI100XX1XOLHHLHHHHHH1 
20 C1111110XX1XOLHHLHHHHHH1 
21 C1001110X11XOLHHLHHHHHH1 
22 C0001110XX1XOLHHLHHHHHH1 
23 C1111100XX1XOLHHLHHHHHH1 
24 C0001100XX1XOLLHLHHHHHH1 
25 C1111110XX1XOLLHLHHHHHH1 
26 C1111100XX1XOLLHLHHHHHH1 
27 C0001100XX1XOLHHHHLHHHH1 
28 C0001110XX1XOLHHHHLHHHH1 
29 C0001100XX1XOLLHHHLHHHH1 
30 C1111100XX1XOLLHHHLHHHH1 
31 C0001100XX1XOLHHLHLHHHHl 
32 C0001100XX1XOLLRLHLHHHH1 
33 C0001100XX1xOLHHHHHHLHH1 
34 C1001100X01xOHHLHHHHLHH1 
35 C0001101XX1XOHLLHHHHLHH1 
36 C1001100X01XOLLLHHHHLHH1 
37 C0001100XX1XOLHLLHHHLHH1 
38 C1001100X01XOHHHLLHHLHH1 
39 C0001100XX1XOHLHLLHHLHH1 
40 C1001100X01XOLLHLLHHLHH1 
41 C0001100XX1XOLHHHLLHLHH1 
42 C1001100X01xOHHLHLLHLHH1 
'43 C0001100XX1XOHLLHLLHLHH1 
44 C1001100X01XOLLLHLLHLHH1 
45 C0001100XX1XOLHLLLLHLHH1 
46 C0001100XX1XOLLLLLLHLHH1 
47 C0001100XX1XOLHLHLHHHHL1 
48 C0001100XX1XOLLLHLHHHHL1 
49 C0001100XX1XOLHLLLHHHHL1 
50 C0001100XX1XOLLLLLHHHHL1 
51 C0001100XXIXOLHLHLLHHHL1 
52 C0001100XX1XOLLLHLLHHHLl 
53 COOOI100XX1XOLHLLLLHHHL1 
54 C0001100XX1XOLLLLLLHHHLl 
55 C0001100XX1XOLHLHLHHLHL1 
56 C0001100XX1XOLLLHLHHLHL1 
57 C0001100XX1XOLHLLLHHLHL1 


58 C0001100XX1XOLLLLLHHLHL1 
59 C0001100XX1XOLHLHLLHLHL1 
60 C0001100XX1XOLLLHLLHLHL1 
61 C0001100XX1XOLHLLLLHLHL1 
62 C0001100XX1XOLLLLLLHLHL1 
63 C1111100XX1XOLLLLLLHLHL1 
64 C0111100XX1XOLLLLLLHLHL1 
65 C1011100XX1XOLLLLLLHLHL1 
66 C0011100XX1XOLLLLLLHLHL1 
67 C1101100XX1xOLLLLLLHLHL1 
68 C0101100XX1XOLLLLLLHLHLl 
69 C1001100X01xOHLHLHLLLHL1 
70 C0001101XX1XOHHHHHHLHHH1 
71 C0001111XXIXOHHHHHHLHHH1 


Video Controller 


CHAR/CURS 
GENERATOR 


11 
1111 
1111 
2222 
2222 
2233 
3333 
3333 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 
---x 
x--- -x-- 
SWAPC*/INITS*CURS5 
1 -x-- -x-- -x-x x--- x--x -x-- ---x 
---x 
/SWAPC*/INITS*DTCNTO*DT- 
2 ---x 
x--- x--- 
/SWAPC*/INITS*CHAR5 


8 ---x 
x--- -x-- 
x--- SWAPC*/INITS*/INCSCR*CH- 
9 
---x 
x--- x--- 
x--- /SWAPC*/INITS*/INCSCR*C- 
10 x--- -x-- -x-- x--x x--- ---x -x-- ---x -x-- x--x /SWAPC*/INITS*/INCSCR*W- 


16 
x--x -x-- 
SWAPC*/INITS*CURS4 
17 -x-- -x-- -x-- x--- x--x -x-- ---x 
---x 
/SWAPC*/INITS*DTCNTO*DT- 
18 
---x x--- x--- 
/SWAPC*/INITS*CHAR4 


24 
---x x--- -x-- 
x--- SWAPC*/INITS*/INCSCR*CH- 
25 
x--x x--- 
x--- /SWAPC*/INITS*/INCSCR*C- 
26 x--- -x-- -x-- x--- x--- ---x -x-- ---x -x-- x--x /SWAPC*/INITS*/INCSCR*W- 


32 
x--- -x-- ---x 
SWAPC*/INITS*CURS3 
33 -x-- -x-- -x-- x--- x--- -x-- ---x 
---x 
/SWAPC*/INITS*DTCNTO*DT- 
34 
x--- x--x 
/SWAPC*/INITS*CHAR3 


40 
x--- -x-x 
x--- SWAPC*/INITS*/INCSCR*CH- 
41 
x--- x--- ---x ---- 
x--- /SWAPC*/INITS*/INCSCR*C- 
42 x--- -x-- -x-- x--- x--- 
-x-- ---x -x-- x--x /SWAPC*/INITS*/INCSCR*W- 


48 
x--- -x-- 
---x 
SWAPC*/INITS*CURS2 
49 -x-- -x-- -x-- x--- x--- -x-- 
---x 
/SWAPC*/INITS*DTCNTO*DT- 
50 
x--- x--- 
---x 
/SWAPC*/INITS*CHAR2 


56 
x--- -x-- 
---x 
x--- SWAPC*/INITS*/INCSCR*CH- 
57 
x--- x--- 
---x 
x--- /SWAPC*/INITS*/INCSCR*C- 
58 x--- -x-- -x-- x--- x--- 
-x-- 
-x-- x--x /SWAPC*/INITS*/INCSCR*W- 


64 
x--- -x-- 
---x SWAPC*/INITS*CURSI 
65 -x-- -x-- -x-- x--- x--- -x-- 
/SWAPC*/INITS*DTCNTO*DT- 
66 
x--- x--- 
---x 
/SWAPC*/INITS*CHARl 


72 
x--- -x-- 
---x x--- SWAPC*/INITS*/INCSCR*CH- 
73 
x--- x--- 
x--x /SWAPC*/INITS*/INCSCR*C- 
74 x--- -x-- -x-- x--- x--- 
-x-- 
-x-- x--- /SWAPC*/INITS*/INCSCR*W- 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,I) 


NUMBER 
OF 
FUSES 
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SCAN/LINE Generator 


PAL20X10 


VCC 


CHARS 
2 
L1NEO 


CHAR4 
L1NE1 


CHAR3 
4 
L1NE2 


CHm 
5 
SCANO 


SCAN1 


H25S 
7 
SCAN2 


SCAN3 


TSYNC 
9 
SYNC 


CHAR1 
L1NE3 


CHARO 
11 
llNE4 


GND 
OC 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/UDI 
7/13/81 
PAL20X10 
VP3 
SCAN/LINE 
GENERATOR 
MMI 
SUNNYVALE, 
CALIFORNIA 
CK 
/CHARS 
/CHAR4 
/CHAR3 
/CHAR2 
/oe 
/LINE4 
/LINE3 
/SYNC 
/SCAN3 
/INITS 
/H255 
/WRITE 
/TSYNC 
/CHARl 
/CHARO 
GND 
SCAN2 
SCAN1 
SCANO 
/'LINE2 /LINE1 
/LINEO 
VCC 


:= 
INITS 
+ /INITS*/SCANO 
:+:/INITS*H255 


;INITIALIZE 
;HOLD 
;INCREMENT 


:= 
INITS 
+ /INITS*/SCAN1 
:+:/INITS*H255*SCANO 


;INITIALIZE 
;HOLD 
;INCREMENT 


:= 
INITS 
+ /INITS*/SCAN2 
:+:/INITS*H255*SCANO*SCAN1*/SCAN3 


;INITIALIZE 
;HOLD 
;INC 
IN MODULUS 
12 


:= /INITS*SCAN3 
+ /INITS*H255*LINE4*LINE2*LINEO 
*SCAN2*SCAN1*SCANO 
:+:/INITS*H255*SCANO*SCAN1*SCAN2 
+ /INITS*H255*SCAN3*SCAN1*SCANO 


;HOLD 
;DETECT 
SCAN 
LINE 
260 
;FOR 
VERTICAL 
RETRACE 
;INCREMENT 
;MODULE 
12 CORRECTION 
;INITIAL 
WHEN 
INITS=H 
;HOLD 
;TEST 
SYNC 
;INCREMENT 
;DETECT 
LINE 
21 7/12 
;FOR 
VERTICAL 
RETRACE 


:= /INITS*LINEO 
+ /TSYNC 
:+:/INITS*H255*SCAN3*SCAN1*SCANO 
+ /INITS*H255*LINE4*LINE2*LINEO 
*SCAN2*SCAN1*SCANO 


:= /INITS*LINE1 
+ /TSYNC 
:+:/INITS*H255*SCAN3*SCAN1*SCANO*LINEO 


;HOLD 
;TEST 
SYNC 
;INCREMENT 


:= /INITS*LINE2 
+ /INITS*LINE2 
:+:/INITS*H255*SCAN3*SCAN1*SCANO*LINEO*LINE1 
+ /INITS*H255*LINE4*LINE2*LINEO 
*SCAN2*SCAN1*SCANO 


;HOLD 
;EXTEND 
;INCREMENT 
;DETECT 
LINE 
21 7/12 
;FOR 
VERTICAL 
RETRACE 


:= /INITS*LINE3 
+ /INITS*LINE3 
:+:/INITS*H255*SCAN3*SCAN1*SCANO 
*LINE2*LINE1*LINEO 


;HOLD 
;EXTEND 
;INCREMENT 


:= /INITS*LINE4 
+ /TSYNC 
:+:/INITS*H255*SCAN3*SCAN1*SCANO 
*LINE3*LINE2*LINE1*LINEO 
+ /INITS*H255*LINE4*LINE2*LINEO 
*SCAN2*SCAN1*SCANO 


;HOLD 
;TEST 
SYNC 
;INCREMENT 


;DETECT 
LINE 
21 7/12 
;FOR 
VERTICAL 
RETRACE 


SYNC 
:= 
CHAR5*CHAR4*/CHAR3*CHAR2*/WRITE 
;CHAR 
52-55 
HORIZ 
SYNC 
+ 
LINEO*LINEl*/LINE2*LINE4*/SCAN2*/SCAN3*SYNC;VERTICAL 
SYNC 
:+: 
LINEO*LINE1*/LINE2*LINE4*/SCAN2*/SCAN3*SYNC;WHEN 
LINE=19 
SCAN 
0-3 
*CHARS*CHAR4*/CHAR3*/CHAR2 
;AND 
CHAR 
48-51 


Video Controller 


FUNCTION 
TABLE 


CK 
CHARS 
CHAR4 
CHAR3 
CHAR2 
CHARI 
CHARO 
TSYNC 
INITS 
H255 
WRITE 
loe 
LINE4 
LINE3 
LINE2 
LINE1 
LINEO 
SYNC 
SCAN3 
SCAN2 
SCAN1 
SCANO 


T 
I 
W 
S 
N 
H 
R 
S 
y 
I 
2 
I I 
y 
C 
CHAR 
N 
T 
5 
T 
0 
LINE 
N 
SCAN 
K 
543210 
C 
S 
5 
E 
C 
43210 
C 
3210 
COMMENTS 


------------------------------------------------------------------------- 
C 
XXXXXX 
H 
H 
X 
X 
L 
LLLLL 
X 
LLLL 
INITIALIZE 
COUNTERS 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LLLH 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LLHL 
INC 
SYNC 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LLHH 
INC 
SYNC 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LHLL 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LHLH 
INC SCAN 
C 
XXX XXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LHHL 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
LHHH 
INC SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
HLLL 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
HLLH 
INC SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
HLHL 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLL 
X 
HLHH 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLH 
X 
LLLL 
INC 
LINE, 
INC 
SCAN 
MODULE 
12 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLH 
X 
LLLH 
LINE 
1, 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLH 
X 
LLHL 
LINE = 1, 
INC 
SCAN 
C 
XXXXXX 
H 
L 
H 
X 
L 
LLLLH 
X 
LLHH 
LINE = 1, 
INC 
SCAN 
C 
XXXXXX 
H 
H 
X 
X 
L 
LLLLL 
X 
LLLL 
INITIALIZE 
COUNTERS 
C 
HHLLXX 
L 
L 
L 
X 
L 
HLLHH 
L 
LLLL 
LINE = 19, 
FOR 
TESTING 
VERTIC 
SYNC 
C 
HHLLXX 
H 
L 
H 
X 
L 
HLLHH 
L 
LLLH 
VERTICAL 
SYNC 
C 
HHLLXX 
H 
L 
H 
X 
L 
HLLHH 
L 
LLHL 
VERTICAL 
SYNC 
C 
HHLLXX 
H 
L 
H 
X 
L 
HLLHH 
L 
LLHH 
VERTICAL 
SYNC 
C 
HHLLXX 
H 
L 
H 
X 
L 
HLLHH 
L 
LHLL 
INC 
SCAN 
C 
HHLLXX 
H 
L 
H 
X 
L 
HLLHH 
L 
LHLH 
INC 
SCAN 
C 
HHLHXX 
H 
L 
L 
L 
L 
XXXXX 
H 
XXXX 
HORIZONTAL 
SYNC 
----------------------------------------------------------------------------- 


EACH 
CHARACTER 
ON 
THE 
SCREEN 
CONSISTS 
OF 
12 
DOT 
LINES: 
7 LINES 
FOR 
THE 
CHARACTER 
AND 
5 LINES 
FOR 
SPACE 
BETWEEN 
CHARACTERS. 
THE 
FOLLOWING 
FIGURE 
SHOWS 
THE 
LETTER 
"U" 
AND 
THE 
SPACE 
WITH 
ALL 
THE 
PIXELS 
AROUND 
IT AS 
IT 
IS 
DISPLAYED 
BY 
THE 
VIDEO 
CONTROLLER. 


x 
X 
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X 
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X 
X 
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X 
X 
X 
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X 
X 
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X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


~ 


CHARACTER 
PIXEL 


X 
SPACE 
PIXEL 


BLANK 
PIXEL 


"SCAN" 
IS A MODULE 
12 
COUNTER 
THAT 
COUNTS 
THE 
NUMBER 
OF 
THE 
DOT 
LINES 
FOR 
EACH 
CHARACTER. 


"LINE" 
COUNTS 
THE 
NUMBER 
OF 
THE 
CHARACTER 
LINES. 
EACH 
CHARACTER 
LINE 
IS 
12 
SCAN 
LINES. 
THE 
COUNTER 
COUNTS 
UNTIL 
21 
ALTHOUGH 
ONLY 
16 
LINES 
ARE 
VISIBLE 
ON 
THE 
SCREEN. 


THE 
HORIZONTAL 
SYNC 
PULSES 
ARE 
GIVEN 
IN EVERY 
SCANNED 
LINE 
BETWEEN 
CHAR 
52 
AND 
55. 
THE 
VERTICAL 
SYNC 
PULSE 
IS GIVEN 
WHEN 
THE 
LINE 
COUNT 
IS 19, 
SCAN 
IS BETWEEN 
0 AND 
3, 
AND 
CHAR 
IS BETWEEN 
48 
AND 
51. 


THE 
NEXT 
FIGURE 
SHOWS 
THE 
SCREEN 
WITH 
THE 
CORRESPONDING 
LINE 
AND 
CHAR 
COUNTERS, 
AND 
THE 
SYNC 
PULSES. 


CHARI 
63 
HORIZONTAL 
SYNC PULSE 


LINE 
---20 


21 
o 


BLANK 
BETWEEN 
16 VISIBLE 
CHARACTER 
LINES 


19 


~CHAR 
= 48-51 
VERTICAL 
SYNC 


(52,55) 


630 


(52,55) 


630 


(52,55) 


630 


(52,55) 


630 


16 
VISIBLE 
LINES 


o 


19~1218/12 


1 PERIOD 
21 8/12 LINES 


12 dot-lines generate one-character line. The total number of scanned lines is 260 or 21 8/12 character-lines. Out of the 21 8/12 
character lines only 16 lines are visible. The vertical sync pulse is asserted during Line 19. 


I 
I 
4748 
(52, 55) 
63 0 
4748 
(52,55) 
63 0 


\- 


1 PERIOD 
.\ 
H255 = 512 PULSES 


One character is represented in 8 pulses. Then the 512 pulses cause "CHAR" to count from 0 to 63. Out of the 64 characters only 48 
characters are visible on the screen. The horizontal sync pulse is asserted during "CHAR" position 52 through and including "CHAR" 55. 


1 CXXXXOXXOXXXOHHXHLLLHHH1 
2 CXXXX10XOXXXOHHXHLLHHHH1 
3 CXXXX10XOXXXOHHXHLHLHHH1 
4 CXXXX10XOXXXOHHXHLHHHHH1 
5 CXXXX10XOXXXOHHXHHLLHHH1 
6 CXXXX10XOXXXOHHXHHLHHHH1 
7 CXXXX10XOXXXOHHXHHHLHHH1 
8 CXXXX10XOXXXOHHXHHHHHHH1 
9 CXXXX10XOXXXOHHXLLLLHHH1 
10 CXXXX10XOXXXOHHXLLLHHHH1 
11 CXXXX10XOXXXOHHXLLHLHHH1 
12 CXXXX10XOXXXOHHXLLHHHHH1 
13 CXXXX10XOXXXOHHXHLLLHHL1 
14 CXXXX10XOXXXOHHXHLLHHHL1 
15 CXXXX10XOXXXOHHXHLHLHHL1 
16 CXXXX10XOXXXOHHXHLHHHHL1 
17 CXXXXOXXOXXXOHHXHLLLHHH1 
18 C001111X1XXXOLHHHLLLHLL1 
19 C001110XOXXXOLHHHLLHHLL1 
20 C001110XOXXXOLHHHLHLHLL1 
21 C001110XOXXXOLHHHLHHHLL1 
22 C001110XOXXXOLHHHHLLHLL1 
23 C001110XOXXXOLHHHHLHHLL1 
24 C00101110XXXOXXLXXXXXXX1 


11 
1111 
1111 
2222 
2222 
2233 
3333 
j333 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 ---x 
X--- 
/INITS*LINEO 


1 
x--- 
/TSYNC 


2 
--x- x-x- -x-- ---x 
/INITS*H255*SCAN3*SCANl- 
3 ---x 
---X --x- x-x- -xx- 
---x /INITS*H255*LINE4*LINE2- 


8 
---x 
x--- 
/INITS*LINEI 


9 
x--- 
/TSYNC 


10 ---x 
--x- x-x- -x-- ---x 
/INITS*H255*SCAN3*SCANl- 


16 
---x ---- x--- 
/INITS*LINE2 


17 
---x 
x--- 
/INITS*LINE2 


18 ---x ---x 
--x- x-x- -x-- ---x 
/INITS*H255*SCAN3*SCANl- 
19 ---x 
---x --x- x-x- -xx- 
---x /INITS*H255*LINE4*LINE2- 


24 
-x-- 
INITS 


25 
---x x--- 
/INITS*/SCANO 


26 
x--- -x-- 
/INITS*H255 


32 
-x-- 
INITS 


33 
x--x 
/INITS*/SCANI 


34 
--x- x--- -x-- 
/INITS*H255*SCANO 


40 
-x-- 
INITS 


41 
x--- ---x 
/INITS*/SCAN2 


42 
--x- x-x- -x-- --x- 
/INITS*H255 
*SCANO *SCANl- 


48 
x--- 
---x 
/INITS*SCAN3 


49 ---x 
---x --x- x-x- -xx- 
---x /INITS*H255*LINE4*LINE2- 
50 
--x- x-x- -xx- 
/INITS*H255*SCANO*SCANl- 
51 
--x- x-x- -x-- ---x 
/INITS*H255*SCAN3*SCANl- 


56 -x-- -x-- x--- -x-- 
x--- 
CHAR5*CHAR4*/CHAR3*CHAR- 
57 ---x ---x --x- 
---x --x- ---x 
---x LINEO*LINEl*/LINE2*LINE- 


58 -x-x -x-x x-x- x--- 
---x --x- ---x 
---x LINEO*LINEl*/LINE2*LINE- 


64 
x--- 
---x 
/INITS*LINE3 


65 
x--- 
---x 
/INITS*LINE3 


66 ---x ---x --x 
--x- x-x- -x-- ---x 
/INITS*H255*SCAN3*SCANl- 


72 
x--- 
---x /INITS*LINE4 


73 
x--- 
/TSYNC 


74 --x 
---x ---x --x- x-x- -x-- ---x 
---x 
/INITS*H255 
*SCAN3 *SCANl- 
75 --x --- ---x --x- x-x- -xx- 
---x /INITS*H255*LINE4*LINE2- 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,I) 


NUMBER 
OF 
FUSES 
BLOW 
= 1222 
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LINES/SCROL Generator 


PAL20X10 


VCC 


SWAP 
1 
DE 


SCANO 
3 
INITS 


SCAN1 
4 
L1NES3 


SCROL3 


SCAN3 
6 
L1NES2 


H255 
7 
SCROL2 


L1NES1 


WRITE 
9 
SCROL1 


LINE4 
L1NESO 


INCSCR 
11 
SCROLO 


GND 
OC 


MMI 
SUNNYVALE, 
CALIFORNIA 
CK 
/SWAP 
SCANO 
SCANl 


/INCSCR 
GND /oe 
/SCROLO 


/LINES3 
/INITS 
fOE 
VCC 


/INIT 
/SCAN3 
/H255 
NC 
/WRITE 
/LINE4 


/LINESO 
/SCROLl 
/LINESl 
/SCROL2 
/LINES2 
/SCROL3 


LINESO 
:= 
/SWAP*/INITS*LINESO 
+ 
SWAP*/INITS*SCROLO 


:+: /SWAP*/INITS*H255*/LINE4 
* SCAN3*SCAN1*SCANO 


+ 
/SWAP*/INITS*INCSCR 


SCROLO 
:= 
/SWAP* /INITS*SCROLO 
+ 
SWAP*/INITS*LINESO 


:+: /SWAP*/INITS*INCSCR 
+ 
INITS 


LINESl 
:= 
/SWAP*/INITS*LINESl 
+ 
SWAP*/INITS*SCROLl 
:+: /SWAP*/INITS*H255*/LINE4 
* SCAN3*SCAN1*SCANO*LINESO 
+ 
/SWAP*/INITS*INCSCR*LINESO 


SCROLl 
:= 
/SWAP*/INITS*SCROLl 
+ 
SWAP*/INITS*LINESl 


:+: /SWAP*/INITS*INCSCR*SCROLO 
+ 
INITS 


LINES2 
:= 
/SWAP*/INITS*LINES2 
+ 
SWAP*/INITS*SCROL2 
:+: /SWAP*/INITS*H255*/LINE4 
* SCAN3*SCAN1*SCANO 
*LINES1*LINESO 
+ 
/SWAP*/INITS*INCSCR 
*LINES1*LINESO 


SCROL2 
:= 
/SWAP* /INITS*SCROL2 
+ 
SWAP*/INITS*LINES2 


:+: /SWAP*/INITS*INCSCR*SCROLO*SCROLl 
+ 
INITS 


LINES 3 
:= 
/SWAP*/INITS*LINES3 


+ 
SWAP*/INITS*SCROL3 


:+: /SWAP*/INITS*H255*/LINE4 


* SCAN3*SCAN1*SCANO 
*LINES2*LINES1*LINESO 


+ 
/SWAP*/INITS*INCSCR 
*LINES2*LINES1*LINESO 


SCROL3 
:= 
/SWAP*/INITS*SCROL3 
+ 
SWAP*/INITS*LINES3 


:+: /SWAP*/INITS*INCSCR 
*SCROL2*SCROL1*SCROLO 
+ 
INITS 


:HOLD 
:SWAP 
WITH 
SCROL 
;INC 
(12 DOT 
LINES) 


:HOLD 
:SWAP 
WITH 
LINES 
:INC 
(LF OR CHAR 
47) 


;INITIALIZE 


;HOLD 
:SWAP 
WITH 
SCROL 
:INC 
(12 DOT 
LINES) 


;HOLD 
;SWAP 
WITH 
LINES 
:INC 
(LF OR 
CHAR 
:INITIALIZE 


;HOLD 
:SWAP 
WITH 
SCROL 
:INC 
(12 DOT 
LINES) 


:HOLD 
:SWAP 
WITH 
LINES 
:INC 
(LF OR 
CHAR 
:INITIALIZE 


;HOLD 
;SWAP 
WITH 
SCROL 
;INC 
(12 DOT 
LINES) 


:HOLD 
:SWAP 
WITH 
LINES 
;INC 
(LF OR 
CHAR 
47) 


Video 
Controller 


FUNCTION 
TABLE 


CK 
SWAP 
SCAN3 
SCAN1 
SCANO 
INIT 
H255 
WRITE 
LINE4 
INCSCR 
loe 


SCROL3 
SCROL2 
SCROLl 
SCROLO 
LINES3 
LINES2 
LINES1 
LINESO 
INITS 
OE 


I 
W 
L 
N 
I 


S 
I 
H 
R 
I 
C 
N 


W 
N 
2 
I 
N 
S 
I 
I 


C 
A 
SCAN 
I 
5 
T 
E 
C 
0 
SCROL 
LINES 
T 
0 


K 
P 
310 
T 
5 
E 
4 
R 
C 
3210 
3210 
S 
E 
COMMENTS 


--------------------------------------------------------------------------- 
C 
x 
XXX 
H 
H 
X 
X 
X 
L 
XXXX 
XXXX 
H 
X 
SET 
INITIALIZE 
BIT 


C 
X 
XXX 
L 
X 
X 
X 
X 
L 
HHHH 
LLLL 
L 
X 
INITIALIZE 
COUNTERS 


C 
L 
XXX 
L 
L 
X 
X 
L 
L 
HHHH 
LLLL 
L 
X 
INITS 
= L 


C 
L 
HHH 
L 
H 
X 
L 
L 
L 
HHHH 
LLLH 
L 
X 
INC 
LINES, 
HOLD SCROL 


C 
L 
HHH 
L 
H 
X 
L 
L 
L 
HHHH 
LLHL 
L 
X 
INC 
LINES, 
HOLD SCROL 
C 
L 
HHH 
L 
H 
X 
L 
L 
L 
HHHH 
LLHH 
L 
X 
INC 
LINES, 
SCAN = 11 
C 
L 
HHH 
L 
H 
X 
L 
L 
L 
HHHH 
LHLL 
L 
X 
INC 
LINES, 
SCAN = 11 


C 
L 
XXX 
L 
H 
X 
X 
H 
L 
LLLL 
LHLH 
L 
X 
INC 
LINES 
& SCROLl 
LF 


C 
L 
XXX 
L 
X 
X 
X 
H 
L 
LLLH 
LHHL 
L 
X 
INC 
LINES 
& SCROLl 
LF 


C 
L 
XXX 
L 
L 
X 
X 
L 
L 
LLLH 
LHHL 
L 
X 
HOLD LINES 
& SCROL 


C 
H 
XXX 
L 
L 
X 
X 
L 
L 
LHHL 
LLLH 
L 
X 
SWAP LINES 
& SCROL 


C 
L 
XXX 
L 
X 
X 
X 
H 
L 
LHHH 
LLHL 
L 
X 
INC 
LINES 
& SCROL 


C 
X 
xxx 
x 
X 
L 
X 
X 
L 
XXXX 
XXXX 
X 
H 
SET 
OE 


C 
X 
xxx 
x 
X 
H 
X 
X 
L 
XXXX 
XXXX 
X 
L 
CLEAR 
OE 


--------------------------------------------------------------------------- 


DESCRIPTION 


"SCROL" 
AND "LINES" 
ARE COUNTERS 
AND POINTERS 
TO THE 
RAM. 
"LINES" 
IS 
A 


POINTER 
TO THE 
LINE 
THAT 
IS 
READ FROM THE 
RAM. 
"SCROL" 
IS 
A POINTER 


TO THE LOCATION 
IN 
THE 
RAM WHERE A NEW LINE 
CAN BE 
STORED. 
BOTH OF 
THEM 


COUNT UP 
TO A MAXIMUM OF 
16 
LINES. 


THE 
BIT 
"SWAP" 
ENABLES 
THE 
lWO COUNTERS 
TO TALK TO THE 
SAME ADDRESS 
LINES 


OF 
THE 
RAM. 


"W" 
MEANS WRITI~ 
INTO 
THE 
RAM, 
"R" 
MEANS READING 
FROM THE 
RAM AND "C" 
IS 
A TEMPORARY 
POINTER. 
S 


LINE 
C 


CURS 
W 
SCROL wi 


DTCNT 
R 


CHAR 
R 
LINES 
R I 


_TEMP 
COUNTER 


- 
COUNTERS 
FOR THE RAM 


'" 
~---------~ 


I 
I 
I 


l'~=~~~==Ci 
~== 


0.1 see 
_______ 
L 
______ 
L 


1 cxxxoxoxxxxxoxxXXXXXXLXl 
2 CXXXIXXXXXXXOLHLHLHLHHXl 
3 CIXXIXIXXXIXOLHLHLHLHHXl 
4 CII1100XXllXOLLLHLHLHHXl 
5 CIIII00XXIIXOLHLLLHLHHXl 
6 CIIII00XXIIXOLLLLLHLHHXl 
7 CIIII00XXIIXOLHLHLLLHHXl 
8 CIXXIXOXXXOXOHLHHHLHHHXl 
9 C1XXIXXXXXOXOLHHLHLHHHXl 
10 CIXXIXIXXXIXOLHHLHLHHHXl 
11 COXXIXIXXXlxOHLLHLHHHHXl 
12 CIXXIXXXXXOXOLHLLLHHHHXl 
13 CXXXXXXXIXXXOXXXXXXXXXLI 
14 CXXXXXXXOXXXOXXXXXXXXXHI 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 
X--- 
/WRITE 


8 
-x-- 
-x-- 
INIT*H255 


16 x--- -x- 
---x 
/SWAP*/INITS*LINES3 


17 -x-- --x- 
---x 
SWAP*/INITS*SCROL3 


18 x--- x-x- x--- 
-x-x -x-- ---x 
x--x ---- 
/SWAP*/INITS*H255*/LINE- 


19 x--- --x- 
---x 
---x 
---x -x-- 
/SWAP*/INITS*INCSCR*LIN- 


24 x--- --x- 
---x 
/SWAP*/INITS*SCROL3 


25 -x-- --x- ---x 
SWAP*/INITS*LINES3 


26 x--- --x- 
---x 
---x 
-x-x /SWAP*/INITS*INCSCR*SCR- 


27 
---x 
INITS 


32 x--- -x- 
---x 
/SWAP*/INITS*LINES2 
33 -x-- --x- 
---x 
SWAP*/INITS*SCROL2 


34 x--- x-x- x--- 
-x-- -x-- ---x 
x--x 
/SWAP*/INITS*H255*/LINE- 
35 x--- --x- 
---x 
---x -x-- /SWAP*/INITS*INCSCR*LIN- 


40 x--- --x- 
---x 
/SWAP*/INITS*SCROL2 
41 -x-- --x- 
---x 
SWAP*/INITS*LINES2 
42 x--- --x- 
---x 
-x-x /SWAP*/INITS*INCSCR*SCR- 


43 
---x ---- 
INITS 


48 x--- -x- 
---x 
/SWAP*/INITS*LINES1 
49 -x-- --x- 
---x 
SWAP*/INITS*SCROL1 


50 x--- x-x- x--- 
,..x---x-- 
x--x 
/SWAP*/INITS*H255*/LINE- 
51 x--- --x- 
---x -x-- /SWAP*/INITS*INCSCR*LIN- 


56 x--- --x- 
---x 
/SWAP*/INITS*SCROL1 
57 -x-- --x- 
---x 
SWAP*/INITS*LINES1 


58 x--- --x- 
-x-x /SWAP*/INITS*INCSCR*SCR- 
59 
---x 
INITS 


64 x--- -x- 
---x 
/SWAP*/INITS*LINESO 
65 -x-- --x- 
---x 
SWAP*/INITS*SCROLO 


66 x--- x-x- x--- 
-x-- -x-- 
x--- 
/SWAP*/INITS*H255*/LINE- 
67 x--- --x- 
-x-- /SWAP*/INITS*INCSCR 


72 x--- --x- 
---x /SWAP*/INITS*SCROLO 
73 -x-- --x- 
---x 
SWAP*/INITS*LINESO 


74 x--- --x- 
-x-- /SWAP*/INITS*INCSCR 
75 
---x 
INITS 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,l) 


NUMBER 
OF 
FUSES 
BLOW 
= 1235 


1 
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V"ll 
I 
~ 
, 
I 
1'10" 
11 
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1~ 
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IOl11111 
11 1~ " 
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n 
J/ 
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~.9D-D]3 
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3 
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" 
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.. 
V 


" 
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.. 
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18 
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.. 
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.. 
17 
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8 
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I.:L 
" 
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~ 
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" 
~ 


9 


.. 
.:-=9D-Ell 
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V 
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"::lIt 
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Composite Video/Baud 
Rate Generator 


NC 


BAUDO 


BAUD1 


BAUD2 


BAUi53 


96OOX8 


VEN 


SYNOUT 


OC 


MMI SUNNYVALE, CALIFORNIA 
CK /DOT4 /SYNC 
NC 
NC 
NC 
INT 
/WRITE /D~TO 
/DTCNT1 /DTCNT2 GND 
/oe /SYNOUT 
/UEN /9600X8 /BAUD3 /BAUD2 /BAUD1 /BAUDO'NC NC VIDEO VCC 


9600X8 
0'" INT 
+ BAUD3*BAUD2*DTCNT2*DTCNT1*/DTCNTO 


BAUDO 
:= /9600X8*BAUDO 
+ /9600X8*BAUDO 
:+:/9600X8*DTCNT2*DTCNT1*DTCNTO 


BAUD1 
:,.,/9600X8*BAUD1 
+ /9600X8*BAUD1 
:+:/9600X8*DTCNT2*DTCNT1*DTCNTO*BAUDO 


BAUD2 
:= /9600X8*BAUD2 
+ /9600X8*BAUD2 
:+:/9600X8*DTCNT2*DTCNT1*DTCNTO 
*BAUD1*BAUDO 


BAUD3 
:= /9600X8*BAUD3 
+ /9600X8*BAUD3 
:+:/9600X8*DTCNT2*DTCNT1*DTCNTO 
*BAUD2*BAUD1*BAUDO 


UEN 
:= WRITE*/DTCNT2 *DTCNTl 
+ WRITE* DTCNT2*/DTCNT1*/DTCNTO 


;TO INITIALIZE COUNTER BAUD 
;104/8 c 13, MODULE 102 
;COUNTS 103 = 12 6/8 
;HOLD 
;EXTEND 
;INC 


;HOLD 
,EXTEND 
;INC 


;HOLD 
;EXTEND 
;INC 


;HOLD 
;EXTEND 
;INC 


;DTCNT = 2,3 
;DTCNT = 4 


Video Controller 


FUNCTION 
TABLE 


CK 
DOT4 
SYNC 
INT 
WRITE 
DTCNT2 
DTCNT1 
DTCNTO 
loe 
SYNOUT 
UEN 


9600Xa 
BAUD3 
BAUD2 
BAUDI 
BAUDO 
VIDEO 


S 
9 


w 
y 
6 
V 
D 
S 
R 
N 
0 
I 


0 
y 
I 
I 
I 
0 
U 
0 
D 


C 
T 
N 
N 
T 
DTCNT 
E 
U 
E 
X 
BAUD 
E 


K 
4 
C 
T 
E 
210 
N 
T 
N 
a 
3210 
0 
COMMENTS 


---------------------------------------------------------------------- 


L 
X 
H 
X 
X 
XXX 
L 
H 
X 
X 
XXXX 
X 
CHECK 
SYNOUT 
FOR 
H 


L 
X 
L 
X 
X 
XXX 
L 
L 
X 
X 
xxxx 
X 
CHECK 
SYNOUT 
FOR 
L 


L 
L 
X 
X 
X 
XXX 
L 
X 
X 
X 
XXXX 
L 
VIDEO 
= 
L 


L 
H 
X 
X 
X 
XXX 
L 
X 
X 
X 
XXXX 
H 
VIDEO 
= 
H 


C 
X 
X 
H 
X 
LLL 
L 
X 
X 
H 
XXXX 
X 
SET 
9600xa 


C 
x 
X 
L 
X 
LLL 
L 
X 
X 
L 
LLLI· 
X 
INITIALIZE 
BAUD 
COUNTER 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LLLH 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LLHL 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LLHH 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LHLL 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HLH 
L 
X 
X 
L 
LHLL 
X 
HOLD 
BAUD: 
DTCNT 
NEQ 
HHH 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LHLH 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LHHL 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
LHHH 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
y. 
X 
L 
HLLL 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
HLLH 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
HLHL 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
HLHH 
X 
INC 
BAUD 


C 
X 
X 
L 
X 
HHH 
L 
X 
X 
L 
HHLL 
X 
INC 
BAUD 


C 
X 
X 
L 
H 
LLL 
L 
X 
L 
L 
HHLL 
X 
HOLD 
BAUD 


C 
X 
X 
L 
H 
LLH 
L 
X 
L 
L 
HHLL 
X 
HOLD 
BAUD 


C 
X 
X 
L 
H 
LHL 
L 
X 
H 
L 
HHLL 
X 
HOLD 
BAUD, 
SET 
UEN 


C 
X 
X 
L 
H 
LHH 
L 
X 
H 
L 
HHLL 
X 
HOLD 
BAUD, 
SET 
UEN 


C 
X 
X 
L 
H 
HLL 
L 
X 
H 
L 
HHLL 
X 
HOLD 
BAUD, 
SET 
UEN 


C 
X 
X 
L 
H 
HLH 
L 
X 
L 
L 
HHLL 
X 
HOLD 
BAUD 


C 
X 
X 
L 
H 
HHL 
L 
X 
L 
H 
HHLL 
X 
SET 
9600xa, 
HOLD 
BAUD 


C 
X 
X 
L 
H 
HHH 
L 
X 
L 
L 
LLLL 
X 
INITIALIZE 
BAUD 


------------------------------------------------------------------------- 


THIS 
PAL 
GENERATES 
THE 
BAUD 
RATE, 
THE 
VIDEO 
AND 
THE 
SYNC 
SIGNALS 
WHICH 
ARE 


COMBINED 
AT 
THE 
OUTPUTS 
TO 
FORM 
THE 
COMPOSITE 
VIDEO 
SIGNAL, 
AND 
THE 
"UEN" 
SIGNAL 
WHICH 
ENABLE 
THE 
"UART". 


EVERY 
CHARACTER 
CONSISTS 
OF 
10 
BITS: 
1 
START 
BIT, 
7 ASCII 
CODE 
BITS, 
1 
PARITY 
BIT, 
AND 
1 
STOP 
BIT. 
THE 
CHARACTER 
RATE 
IS 
9600 
Hz. 
EACH 
BIT 
IS 
DIVIDED 
INTO 
8 
SMALL 
BITS 
SO 
THE 
NUMBER 
OF 
BITS 
PER 
SECOND 
REQUIRED 


FOR 
OUR 
SYSTEM 
IS 
9600*8 
~ 76800 
OR 
76800 
Hz. 


T 
~ 1/76800 
~ 
13 
MICROSECOND 


THE 
CLOCK 
FREQUENCY 
IS 
8000000 
Hz. 


WE 
NEED 
TO 
DIVIDE 
THE 
CLOCK 
FREQUENCY 


OF 
76800 
Hz. 


I 
'-T 
; 9600Hz'--- 
I 


"DTCNT" 
COUNTS 
8, 
AND 
"BAUD" 
COUNTS 
13. 
TO GET 
104 
COUNTS 
WE 
NEED 
TO 


COUNT 
FROM 
0 TO 103. 
BECAUSE 
THERE 
IS 
ONE 
CLOCK 
CYCLE 
DELAY 
UNTIL 
THE 
DATA 
IS AVAILABLE 
ON 
THE 
OUTPUT 
PINS 
(REGISTERED 
PAL), 
MODULE 
104 
IS 
DETECTED 
BY 
COUNT 
102 
WHICH 
IS 
EQUAL 
TO 
102/8 
~ 12 
6/8. 


75 
--' 
5 = 1.66V 
150 + 75 


When 
SYNC 
= H the 
output 
is at OAV. 


COMPOSITE 
SYNOUT 
VIDEO 
VIDEO 


L 
L 
1.7V 


L 
H 
O.9V 


H 
L 
OAV 


H 
H 
OAV 


1.7V--~------ 
--WHITE 
REFERENCE 
GRAY 
TONES 
O.9V-- 
-- 
BLACK REFERENCE 
O.4V----- 
---SYNC 
PULSE 


COMPOSITE VIDEO SIGNAL 


1 OxoxxxxXXXXXOLXXXXXXXXX1 
2 OX1XXXXXXXXXOIXXXXXXXXX1 
3 01XXXXXXXXXXOXXXXXXXXXL1 
4 00XXXXXXXXXXOXXXXXXXXX11 
5 CXXXXX1X111XOXXLXXXXXXXI 
6 CXXXXXOX111XOXXHHHHHXXX1 
7 CXXXXXOXOOOXOXXBHHHLXXX1 
8 cxxxxXOXOOOXOXXHHHLHXxx1 
9 CXXXXXOXOOOXOXXHHHLLXXX1 
10 cxxxxxoxOOOXOXXHHLHHXXXI 
11 CXXXXXOxOl0XOXXHHLHHXXX1 
12 CXXXXXOXOOOXOXXHHLHLXXXI 
13 cxxxxxOXOOOXOXXHHLLHXXX1 
14 CXXXXXOXOOOXOXXHHLLLXXX1 
15 cxxxxxoxOOOXOXXHLHHHXXXI 
16 cxxxxxoxOOOXOXXHLHHLXXXI 
17 CXXXXXOXOOOXOXXHLHLHXXX1 
18 cxxxxxoxOOOXOXXHLHLLXXX1 
19 cxxxxxoxOOOXOXXHLLHHXXX1 
20 CXXXXX00111XOXHHLLHHXXX1 
21 CXXXXX00011xOXHHLLHHXXX1 
22 CXXXXX00101XOXLHLLHHXXX1 
23 CXXXXXOOOOIXOXLHLLHHXXXI 
24 CXXXXXOOII0XOXLHLLHHXXX1 
25 CXXXXXOOOI0XOXHHLLHHXXX1 
26 CXXXXXOOI00XOXHLLLHHXXXI 
27 CXXXXXOOOOOXOXHHHHHHXXXI 


ii 
~~~~ ~~~~ LLLL 
L£~~ 
L~J~ 
JJJJ 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


o x--- 
1 x--- 


/OOT4 
/OOT4 


24 
---x 
--x- 
/9600X8*BAUDO 


25 
---x 
--x- 
/9600X8*BAUDO 


26 
-xx- -x-- -x-- /9600X8*DTCNT2*DTCNT1*D- 


32 
---x 
--x- 
/9600X8*BAUD1 


33 
---x 
--x- 
/9600X8*BAUD1 


34 
---x 
-xx- -x-- -x-- /9600X8*DTCNT2*DTCNT1*D- 


40 
---x 
--x- 
/9600X8*BAUD2 


41 
---x 
--x- 
/9600X8*BAUD2 


42 
---x ---x 
-xx- -x-- -x-- /9600X8*DTCNT2*DTCNT1*D- 


48 
---x --x- 
/9600X8*BAUD3 


49 
---x --x- 
/9600X8*BAUD3 


50 
---x ---x ---x 
-xx- -x-- -x-- /9600X8*DTCNT2*DTCNT1*D- 


56 
x--- 
INT 


57 
---x ---x x--- -x-- -x-- BAUD3*BAUD2*DTCNT2*DTCN- 


64 
-x-- 
-x-- x--- WRITE*/DTCNT2*DTCNT1 
65 
-x-- x--- x--- -x-- WRITE*DTCNT2*/DTCNT1*/D- 


72 
-x-- 
SYNC 


73 
-x-- 
SYNC 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(R,F,1) 


NUMBER 
OF FUSES 
BLOW = 
745 
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•.... 
.. 


7 


.. 
~D 


~ 


I.J.. 


17 
.. 
" 


•.... 


" 


8 


~ 
==?DUl 


r-;J.. 


16 
" 
" 
•.. 


" 


9 


.. 
;g,I:>~ 
-;L 
15 
".. 
•... 


" 


10 •. 


" 


•..... 


" 
,..L 
14 


" 
•... 


" 


11 
~ 


UART Shift Register 
and Control Key Detect 


UART 
SHIFT 
REX>ISTER ANlJ ~VN·n<v•.• ".c.~ 


MMI 
SUNNYVALE, 
CALIFORNIA 
CK 
/SAMPLE 
RXD 
/CLRLIN 
/WRITE 
INIT 
NC NC NC NC NC GND 


/UEN 
/BS 
/SPACE 
D6 
D5 
D4 
D3 
D2 
Dl 
DO 
/LF 
VCC 


/00 
:= /DO*/SAMPLE 
:HOLD 
+ 
SPACE 
:SET SPACE 
CODE 
:+:/Dl* 
SAMPLE 
:SHIFT 


/Dl 
:= /Dl*/SAMPLE 
:HOLD 
+ 
SPACE 
:SET 
SPACE 
CODE 
:+: /D2 * SAMPLE 
:SHIFT 


/D2 
:= /D2*/SAMPLE 
:HOLD 
+ 
SPACE 
:SET 
SPACE 
CODE 
:+:/D3* 
SAMPLE 
:SHIFT 


/D3 
:= /D3*/SAMPLE 
:HOLD 
+ 
SPACE 
:SET 
SPACE 
CODE 
:+:/D4* 
SAMPLE 
:SHIFT 


/D4 
:= /D4*/SAMPLE 
:HOLD 
+ 
SPACE 
:SET 
SPACE 
CODE 
:+:/D5* 
SAMPLE 
:SHIFT 


/05 
:= /INIT*/D5*/SAMPLE*/SPACE 
:SET SPACE 
CODE 
INSTEAD 
+ /D5*/SAMPLE*/SPACE 
:OF ANY 
CONTROL 
CODE 


:+:/INIT*/D6*SAMPLE*/SPACE 
:SHIFT 


/D6 
:= /INIT*/D6*/SAMPLE 
:HOLD 
+ 
SPACE 
:SET SPACE 
CODE 


:+:/INIT* 
RXD*SAMPLE 
:DATA 
IS SHIFTED 
IN 


SPACE 
:= WRITE*/D6*/D5 
:DETECT 
CTRL 
CHAR 
+ CLRLIN 
:AND CLEAR 
LINE 


LF 
:= /D6*/D5*/04*D3*/02*Dl*/OO 
:LINE 
FEED 
= HEX 
OA 
*WRITE 
:LATCH 
ON WRITE 
+ LF*WRITE 
:HOLD 
DURING 
WRITE 


Video Controller 


FUNCTION 
TABLE 


CK 
SAMPLE 
RXD 
CLRLIN 
WRITE 
INIT 
/UEN 
!BS 
SPACE 
D6 
D5 D4 D3 D2 Dl DO 
LF 


S 
C 
A 
L 
W 
S 
M 
R 
R 
I 
/ 
P 
P 
R 
L 
I 
N 
U 
/ 
A 
C 
L 
X 
I 
T 
I 
E 
B 
C 
DATA 
OUT 
L 
K 
E 
D 
N 
E 
T 
N 
S 
E 
D6-----DO 
F 
COMMENTS 
----------------------------------------------------------------------------- 
C 
x 
X 
L 
L 
L 
L 
X 
L 
XXXXXXX 
X 
INITIALIZE 
"SPACE" 
C 
H 
X 
L 
L 
H 
L 
X 
L 
HRXXXXX 
X 
INITIALIZE 
D6 AND 
D5 
C 
X 
X 
L 
L 
L 
L 
X 
L 
XXXXXXX 
X 
HOLD 
"SPACE" 
LO 
C 
H 
L 
L 
X 
L 
L 
X 
L 
RXXXXXX 
X 
SHIFT 
IN l'ST 
BIT 
OF 
"Un CODE 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LRXXXXX 
X 
SHIFT 
IN 2'ND 
BIT 
OF 
"Un CODE 
C 
H 
L 
L 
X 
L 
L 
X 
L 
HLRXXXX 
X 
SHIFT 
IN 3'RD 
BIT 
OF 
"Un CODE 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LHLRXXX 
X 
SHIFT 
IN 4'TH 
BIT 
OF 
"Un CODE 
C 
H 
L 
L 
X 
L 
L 
X 
L 
HLHLRXX 
X 
SHIFT 
IN 5'TH 
BIT 
OF 
"Un CODE 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LHLHLRX 
X 
SHIFT 
IN 6'TH 
BIT 
OF 
"Un CODE 
C 
H 
L 
L 
X 
L 
L 
X 
L 
HLHLHLH 
X 
OUTPUT 
"Un CODE, 
STORE 
IN RAM 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LHLHLHL 
X 
SHIFT 
IN l'ST 
BIT 
OF 
"LF" 
CODE 
C 
H 
L 
L 
X 
L 
L 
X 
L 
HLHLHLH 
X 
SHIFT 
IN 2'ND 
BIT 
OF 
"LF" 
CODE 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LHLHLHL 
X 
SHIFT 
IN 3'RD 
BIT 
OF 
"LF" 
CODE 
C 
H 
L 
L 
X 
L 
L 
X 
L 
HLHLHLH 
X 
SHIFT 
IN 4'TH 
BIT 
OF 
"LF" 
CODE 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LHLHLHL 
X 
SHIFT 
IN 5'TH 
BIT 
OF 
"LF" 
CODE 
C 
H 
H 
L 
X 
L 
L 
X 
L 
LLHLHLH 
X 
SHIFT 
IN 6'TH 
BIT 
OF 
"LF" 
CODE 
C 
H 
H 
L 
L 
L 
L 
X 
L 
LLLHLHL 
X 
DETECT 
"LF" CODE 
C 
L 
X 
L 
H 
L 
L 
X 
H 
LLLHLHL 
H 
HOLD 
DURING 
WRITE 
C 
L 
X 
L 
L 
L 
L 
X 
L 
LHLLLLL 
X 
WRITE 
"SPACE" 
CODE 
INTO 
RAM 
----------------------------------------------------------------------------- 


THE 
"UART" 
SHIFT 
REGISTER 
IS A 
SEVEN 
BIT 
REGISTER 
FOR 
THE 
SEVEN 
BIT 
ASCII 


CODE. 
THE 
INFORMATION 
ENTERS 
THE 
SHIFT 
REGISTER 
IN 06, ONE 
BIT 
AT 
A 
TIME. 
IT COMES 
THROUGH 
RXD 
PIN 
WHICH 
IS 
THE 
TRANSMIT 
OR 
THE 
RECEIVE 
LINE 
OF 
THE 
RS232. 
THE 
OUTPUTS 
ARE 
TRANSFERED 
IN 
PARALLEL 
TO 
THE 
RAM. 
"UEN" 
ENABLES 
THE 
THREE 
STATE 
FOR 
THESE 
OUTPUTS. 
WHEN 
BITS 
D6 
AND 
D5 
TOGETHER 
IN 
THE 
ASCII 
CODE 
ARE 
ZEROES 
OR 
WHEN 
THE 
"CLRLIN" 
BIT 
IS 
SET, 
A 
"SPACE" 
CODE 
IS 
SHIFTED 
INTO 
THE 
"UART" 
REGISTER. 
THE 
SPACE 
CODE 
PRINTS 
A 
BLANK 
SPACE 
ON 
THE 
SCREEN. 
"SPACE" 
IN ASCII 
CODE 
IS 
0100000 
= 
20 
HEX. 


ASCII Code System and Character Set 


D6 05 
CONTROL CHARACTERS ARE DETECTED WHEN 06 
05 
0 0 
. 
\ 
. 
= . 
r 
. 
" 


~ 


0 
0 
0 
0 
0 
0 
0 
0 


7~ 
0 
0 
0 
0 
1 
1 
1 
1 


432~5 


0 
0 
1 
1 
0 
0 
1 
1 


0 
1 
0 
1 
0 
1 
0 
1 


0 o 0 0 
~4(~ 
~~E~ 
SP 
0 
@ 
P 
P 
0 o 0 1 
SOH>' :,':pcf> 
I 
1 
A 
Q 
a 
q 


0 o 1 0 
;~H 
-:.OC2,':, 
" 
2 
B 
R 
b 
r 


0 o 1 1 
ETX;; 
::·"OC3::, 
= 
3 
C 
S 
c 
s 


0 1 0 0 
~Q~/ 
-:'OC4::, 
" 
$ 
4 
D 
T 
d 
t 


0 
1 0 1 
E/'j9' 
,/NAK' 
% 
5 
E 
U 
e 
u 


0 1 1 0 
ACt<' 
/SYN 
& 
6 
F 
V 
1 
v 


0 
1 1 1 
><.BEL 
/ETB 
7 
G 
W 
g 
w 


1 o 0 0 
BS> 
CAN/ 
( 
8 
H 
X 
h 
x 


1 o 0 1 
HT/ 
/EM;'; 
) 
9 
I 
Y 
i 
Y 


1 o 1 0 
~LF-' 
SUB/ 
. 
J 
Z 
j 
z 


1 o 1 1 
VT 
/>'ESC/' 
+ 
K 
[ 
k 
[ 


1 1 0 0 
~F 
FS"' 
< 
L 
\ 
I 
I 
I 


1 1 0 1 
CR 
GS 
- 
- 
M 
J 
m 
I 


1 1 1 0 
,J>0 
RS 
> 
N 
1\ 
n 
- 


1 1 1 1 
,/SI/ 
'/L!~' 
/ 
? 
a 
- 
0 
~R~!~~ 


:.,:::: ' 


Codes 
Generated 
and Transmitted 
by the Terminal 


ASR Control 
Codes 


STOP 


12V~:~- 
LOGIC"O" 


·12V -- 
-r -- 
-- -- -r 
- 
LOGIC "1" 


START 
PARITY 


RS232i 


20K 


l! 
RXDtJ 


VP6 


10Kn 


The 
voltages 
01 the 
RS232 
signals 
are 
between 
+12V and 
-12V" 
In order 
to get a logic 
one at 4V we built 
the 
above 
circuit. 


1 CXXII0XXXXXXOXHXXXXXXXXI 
2 COXIIIXXXXXXOXHHHXXXXXXI 
3 CXXII0XXXXXXOXHXXXXXXXXI 
4 COOIXOXXXXXXOXHHXXXXXXXI 
5 COIIXOXXXXXXOXHLHXXXXXXI 
6 COOIXOXXXXXXOXHHLHXXXXXI 
7 COIIXOXXXXXXOXHLHLHXXXXI 
8 COOIXOXXXXXXOXHHLHLHXXXI 
9 COIIXOXXXXXXOXHLHLHLHXXI 
10 COOIXOXXXXXXOXHHLHLHLHXl 
11 COIIXOXXXXXXOXHLHLHLHLXI 
12 COOIXOXXXXXXOXHHLHLHLHXl 
13 COIIXOXXXXXXOXHLHLHLHLXI 
14 COOIXOXXXXXXOXHHLHLHLHXl 
15 COIIXOXXXXXXOXHLHLHLHLXI 
16 COIIXOXXXXXXOXHLLHLHLHXI 
17 COIII0XXXXXXOXHLLLHLHLXl 
18 CIXI00XXXXXXOXLLLLHLHLLI 
19 CIXII0XXXXXXOXHLHLLLLLXl 


Video Controller 
0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 
---x --x- -x-x --x- ---x ---x ---x 
/D6*/D5*/D4*D3*/D2*Dl*/- 
1 --x 
-x-- 
LF*WRITE 


8 x--- --x 
/DO*/SAMPLE 
9 
---x 
SPACE 
10 -x-- 
---x 
/Dl *SAMPLE 


16 x--- 
--x 
/Dl*/SAMPLE 
17 
---x 
SPACE 
18 -x-- 
---x 
/D2 *SAMPLE 


24 x--- 
---x 
/D2*/SAMPLE 
25 
---x 
SPACE 
26 -x-- 
---x 
/D3*SAMPLE 


32 x--- 
---x 
/D3*/SAMPLE 
33 
---x 
SPACE 
34 -x-- 
---x 
/D4*SAMPLE 


40 x--- 
---x 
/D4*/SAMPLE 
41 
---x 
SPACE 
42 -x-- 
---x 
/D5*SAMPLE 


48 x--- 
-x-- 
---x 
--x- 
/INIT*/D5*/SAMPLE*/SPACE 
49 x--- 
---x 
--x- 
/D5*/SAMPLE*/SPACE 
50 -x-- 
-x-- 
---x --x- 
/INIT*/D6*SAMPLE*/SPACE 


56 x--- 
-x-- 
---x 
/INIT*/D6*/SAMPLE 
57 
---x 
SPACE 
58 -x-- x--- 
-x-- 
/INIT*RXD*SAMPLE 


64 
-x-- 
---x ---x 
WRITE*/D6*/D5 
65 
-x-- 
CLRLIN 


1 
•... 
V 


alll 
(§ 
i 
1 
., 
'111 
11 1] 1~ IS 
1511 
,." 
10 H 
II 
2J 
14 
IS n 11 
1I1'31Jl 
J2l1~n 
lillJl), 
. 
~=o[>D1~ 


, 
23 
,, 
IA< 
I~- 


~ 
~ 


v0- 


I 
~[> Pl 


""J 
I 
22 
" 
V 


" 
- 


3 


" 
;~[> 


:J. 
" 
Ol 


21 
" 
V 


" 
-- 


4 
. 


•... 


" 
~- 


~ 
" 
~[> 
D1 


20 
" 
~- 


" 


t.>< 
I 


~..,. 
~ 
~ 


" 
=i;)[> 
~ 
" 


~ 


19 
" 
V 


" 
~- 


6 
.. 
~[> 


""J 
" 
U1 


18 
" 
V 


" 


7 
~ 


.. 
~D- 
::J 
.. 
U1 


17 
~ 
::::- 
V 


" 


8 


•... 


" 
~- 
"""J 
" 
~D- 
D1 


16 
" 
V 


" 


9 
.. 
.. 
~- 
'"""J 
.. 
-KJ OD-D] 


15 
.. 
:;:;::- 
-V 


" 


Ie< 
J 


10 
~ 
~ 


" 
-~D1 


~ 
" 
14 
" 
V 


" 


11 
- 
.A.- 
13 
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UART Control 


VCC 


START 


DETO 


SETBC2 
6 


SETBCl 
1 


SETBCO 
8 


PAL20X10 
VP7 
UART 
CONTROL 
MMI 
SUNNYVALE, 
CALIFORNIA 
CK 
/9600X8 
RXD 
/WE 
/INIT 
/SETBC2 
/SETBC1 
/SETBCO 


/oe 
/READY 
/SAMPLE 
/BC3 
/BC2 
/BC1 
/BCO 
/DET2 
/DET1 


START 
:= /READY*START 
+ /READY*RXD 
:+:/READY*START*BC3*BC2*BC1*BCO 
*/DET2*/DET1*DETO*/RXD 


DETO 
:= START*DETO 
+ START*DETO 
:+:START*9600X8 


DET1 
:= START*DET1 
+ START*DET1 
:+:START*9600X8*DETO 


DET2 
:= START*DET2 
+ START*DET2 
:+:START*9600X8*DETO*DET1 


BCO 
:= /SETBCO*BCO 
+ /SETBCO*READY 
:+:/SETBCO*START*9600X8*DETO*DET1*DET2 
+ 
SETBCO 


BC1 
:= /SETBC1 *BC1 
+ /SETBC1*READY 
:+:/SETBC1*START*960OX8*DETO*DET1*DET2 
*BCO 


BC2 
:= /SETBC2*BC2 
+ /SETBC2*READY 
:+:/SETBC2*START*9600X8*DETO*DET1*DET2 
*BCO*BC1 


BC3 
:= BC3 
+ READY 
:+:START*9600x8*DETO*DET1*DET2 
*BCO*BC1*BC2 


SAMPLE 
:= START*9600X8*/DET2*DET1*/DETO*/BC3 
+ START*9600X8*/DET2*DET1*/DETO*/BC3 
:+:START*9600X8*/DET2*DET1*/DETO 
*/BC3*BC2*BC1*BCO 


READY 
:= /INIT*/WE*READY 
+ /INIT*/WE*START*BC3*/BC2*/BC1*/BCO 
:+: INIT 


PAL 
DESIGN 
SPECIFICATION 
BIRKNER/UDI 
7/28/81 


N!= 
NC 
NC 
GND 
/DETO 
/START 
VCC 


:HOLD 
:DETECT 
START 
BIT 
:FILTER 
FALSE 
START 
:CANCEL 
START 
IF NO 
RXD 


:HOLD 
:EXTEND 
:CARRY 


:HOLD 
:EXTEND 
:CARRY 


:HOLD 
:EXTEND 
:CARRY 


:HOLD 
:SET 
BC 
TO 
-1 ON 
READY 
:CARRY 
:SET 
BC 
TO 
7 FOR 
TESTING 


:HOLD 
:SET 
BC 
TO -1 
ON 
READY 
:CARRY 


:HOLD 
:SET 
BC 
TO 
-1 ON 
READY 
:CARRY 


:HOLD 
:SET 
BC 
TO 
-1 ON 
READY 
:CARRY 


:DET=2 
& BC=O ••7 
:EXTEND 
:CANCEL 
BC 
= 7 


:HOLD 
:SET 
ON 
BC=8 
:INITIAL 
READY, 
START 
& BC 


":"'~ 
•••..1' •••.. 
_ ••••••.. 
11 ••••.•• 


SAMPLE 
BC3 
BC2 
BC1 
BCO 
DET2 
DET1 
DETO 
START 


9 
S 


6 
R 
A 
S 


0 
I 
E 
M 
T 


0 
R 
/ 
N 
/ 
A 
P 
A 


C 
X 
X 
W 
I 
SETBC 
0 
D 
L 
BC 
DET 
R 


K 
8 
D 
E 
T 
210 
C 
Y 
E 
3210 
210 
T 
COMMENTS 


---------------------------------------------------------------------------- 
C 
X 
X 
X 
H 
XXX 
L 
H 
X 
XXXX 
XXX 
X 
INITIAL 
READY 


C 
X 
L 
H 
L 
XXX 
L 
H 
X 
HHHH 
XXX 
L 
CLEAR 
START 
& INITIAL 
Be 


C 
X 
L 
L 
L 
XXX 
L 
L 
X 
HHHH 
LLL 
L 
INITIAL 
DET & CLEAR 
READY 


C 
X 
H 
L 
L 
XXX 
L 
L 
X 
HHHH 
LLL 
H 
SET 
START 


C 
H 
L 
L 
L 
LLL 
L 
L 
L 
HHHH 
LLH 
H 
NO 
RXD, 
DETECT 
FALSE 
START 


C 
H 
L 
L 
L 
LLL 
L 
L 
L 
HHHH 
LHL 
L 
CLEAR 
START 
(NOISE ON 
RXD) 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
LLL 
H 
INITIALIZE 
DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
LLH 
H 
NOW 
IT IS A REAL 
SIGNAL 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
LHL 
H 
INC DET, 
NO 
SAMPLING 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
LHH 
H 
NO 
SAMPLE, 
START 
BIT 
OF 
INFO 
C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
HLL 
H 
INC DET, 
NO 
SAMPLING 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
HLH 
H 
INC DET, 
NO 
SAMPLING 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
HHL 
H 
INC DET, 
NO 
SAMPLING 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
HHH 
H 
INC DET, 
NO 
SAMPLING 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
LLL 
H 
INC DET AND 
BIT 
COUNTER 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
LLH 
H 
l'ST 
BIT 
OF 
ASCII 
CODE 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
LHL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
H 
LLLL 
LHH 
H 
SAMPLE 
THE 
l'ST 
INFO 
BIT 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
HLL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
HLH 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
HHL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLL 
HHH 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
LLL 
H 
INC DET 
AND 
BIT COUNTER 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
LLH 
H 
2'ND 
BIT 
OF ASCII 
CODE 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
LHL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
H 
LLLH 
LHH 
H 
SAMPLE 
2 'ND BIT 
OF 
INFO 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
HLL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
HLH 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
HHL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LLLH 
HHH 
H 
INC DET 


C 
H 
H 
L 
L 
HLH 
L 
L 
L 
LHHH 
LLL 
H 
SET 
BIT COUNTER 
TO 7 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
LLH 
H 
7'TH 
BIT OF ASCII 
CODE 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
LHL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
LHH 
H 
NO 
SAMPLE 
7'TH BIT 
ALWAYS 
0 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
HLL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
HLH 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
HHL 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
LHHH 
HHH 
H 
INC DET 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HLLL 
LLL 
H 
INC DET 
AND 
BIT 
COUNTER 


C 
H 
H 
H 
L 
LLL 
L 
H 
L 
HLLL 
LLH 
H 
SET 
THE 
READY 
SIGNAL 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
LHL 
L 
SET 
START 
BIT & INITIAL 
Be 


C 
H 
H 
L 
L 
LLL 
L 
L 
L 
HHHH 
LLL 
H 
REPEA TE FOR 
NEXT 
CHARACTER 


----------------------------------------------------------------------------- 


BIT #7 IS 
ALWAYS 
0 
STOP BIT 


"BC" 
IS A COUNTER 
FOR 
THE 
ASCII 
CODE 
BITS. 
A SAMPLE 
FROM 
EACH 
ASCII 
BIT 
IS TAKEN 
WHEN 
"DET" = 3. 


THE 
"START" 
SIGNAL 
IS SET 
WHEN 
A START 
BIT 
IS DETECTED 
ON 
THE 
RXD 
LINE 
AND 
REMAINS 
SET 
UNTIL 
THE 
LAST 
ASCII 
BIT 
OF 
THE 
CHARACTER 
THAT 
IS SAMPLED. 


AFTER 
ALL 
THE 
7 BITS 
OF 
THE 
ASCII 
CODE 
WERE 
SAMPLED, 
A WRITE 
SIGNAL 
IS 
SENT 
TO 
THE 
RAM 
AND 
THE 
7 BITS 
(A CODE 
FOR 
A CHARACTER) 
ARE 
WRITTEN 
IN 
PARALLEL 
INTO 
THE 
RAM. 


WHEN 
"BC" 
COUNTS 
8 THE 
"READY" 
SIGNAL 
GOES 
HIGH, 
"START" 
GOES 
LOW 
AND 
READY 
TO 
BE 
SET 
AGAIN 
IF A NEW 
START 
BIT 
IS DETECTED. 
A NEW 
CODE 
FOR 
A NEW 
CHARACTER 
WILL 
START 
TO 
BE 
SAMPLED. 


RXD~ 


START~ 
SIGNAL 


{ 


NO 
CHARACTER 
IS SENT. THE 
START 
LINE 
SHOULD 
BE HI, BUT IS FORCED 
LOW BY 
A NOISE ON THE RXD LINE 


{ 


THE 
START SIGNAL 
IS SET 
BY A FALSE START BIT 
ON THE RXD LINE 


TO 
DETERMINE 
IF THIS 
IS A TRUE 
OR 
FALSE 
START, 
WE 
CHECK 
THE 
RXD 
LINE. 
IF THE 
RXD 
LINE 
IS NOT 
SET, 
WE 
KNOW 
THAT 
NO 
CHARACTER 
WAS 
SENT 
ON 
THE 
RS232 
LINE: 
THEREFORE, 
A NOISE/FALSE 
SIGNAL 
WAS 
DETECTED. 


SINCE 
BOTH 
A TRANSMITTER 
AND 
A RECEIVER 
ARE 
USED 
IN OBTAINING 
INFORMATION, 
AN 
ERROR 
CAN 
OCCUR 
THAT 
INVOLVES 
BOTH 
OF 
THESE 
COMPONENTS. 
ASSUME: 
ERROR 
IN TRANSMITTING 
FREQUENCY 
= EX 
ERROR 
IN RECEIVING 
FREQUENCY 
= ER 


THEN 
THE 
TOTAL 
ERROR 
FOR 
ONE 
BIT 
OF 
INFORMATION 
IS 
(EX + ER). 


AND 
THE 
TOTAL 
ERROR 
FOR 
THE 
N'TH 
BIT 
OF 
INFORMATION 
IS N*(EX 
+ ER). 


WHEN 
COUNTER 
"DET" 
IS EQUAL 
3, WE 
HAVE 
THE 
IDEAL 
BIT 
FOR 
SAMPLING. 
THE 
MAXIMUM 
ERROR 
THAT 
IS ALLOWED 
DUE 
TO 
THE 
TOLERANCES 
IN THE 
FREQUENCIES 


IN BOTH 
TRANSMITTER 
AND 
RECEIVER, 
WILL 
BE WHEN 
THE 
SAMPLE 
IS TAKEN 
AT 


"DET" 
= 0 OR 
AT 
"DET" 
= 6, AS 
SHOWN 
HERE: 


THE DASHED 
LINES ARE 
THE MAXIMUM 
ERROR ALLOWED 
IN SAMPLING 


THE 
FREQUENCY 
FOR 
EACH 
BIT 
OF 
INFORMATION 
IS 1/9600 
Hz 
(104 MICROSECOND). 


EACH 
BIT 
OF 
INFORMATION 
IS DIVIDED 
INTO 
EIGHT 
TIME 
SLOTS. 


THE 
FREQUENCY 
RATE 
BETWEEN 
RS232 
AND 
THE 
RXD 
LINE 
FOR 
EVERY 
BIT 
OF 


INFORMATION 
SHOULD 
BE 
BETWEEN 
10150 
Hz AND 
9130 
Hz. 


,..--- 
.......•. 


'" 
..•. 


'" 
" 
I / 
STOP BIT 104 ~sec 
\. 


" 
I 
\ 
NEW 
: 
t 
rCHA,RACTER 


I 
, 
\ 
I 
\ 
I 
\ 
/ 
" 
/ 
•••• 
I 
/ 
" 
,/ 


WRITE TO THE RAM AT ADDRESS 
POINTED 
BY "CURS" 


WE: 
AND "SCROL" 
THE CHARACTER 
CODE THAT IS IN 
THE UART. 


A SIGNAL 
TO THE UART CONTROLLER 
THAT THE UART 
WRITE: 
HAS A CHARACTER 
CODE WHICH 
IS READY TO BE 
WRITTEN 
INTO THE RAM. 


Timing 
diagram 
for detecting 
a character 
and writing 
it into 
the 
RAM. Signals 
"WRITE" 
and "WE" are explained 
and de- 
rived in the next PAL specification 
VP8. 


1 CXXXOXXXXXXXOLXXXXXXXXX1 
2 CX011XXXXXXXOLXLLLLXXXH1 
3 CX001XXXXXXXOHXLLLLHHHH1 
4 CX101XXXXXXXOHXLLLLHHHL1 
5 C0001111XXXXOHHLLLLHHLL1 
6 C0001111XXXXOHHLLLLHLHH1 
7 C0101111XXXXOHHLLLLHHHLl 
8 C0101111XXXXOHHLLLLHHLL1 
9 C0101111XXXXOHHLLLLHLHL1 
10 C0101111XXXXOHHLLLLHLLLl 
11 C0101111XXXXOHHLLLLLHHL1 
12 C0101111XXXXOHHLLLLLHLL1 
13 C0101111XXXXOHHLLLLLLHL1 
14 C0101111XXXXOHHLLLLLLLL1 
15 C0101111XXXXOHHHHHHHHHLl 
16 C0101111XXXXOHHHHHHHHLLl 
17 C0101111XXXXOHHHHHHHLHL1 
18 C0101111XXXXOBLHHHHHLLL1 
19 C0101111XXXXOHHHHHHLHHL1 
20 C0101111XXXXOHHHHHHLHLLl 
21 C0101111XXXXOHHHHHHLLHLl 
22 C0101111XXXXOHHHHHHLLLLl 
23 C0101111XXXXOHHHHHLHHHL1 
24 C0101111XXXXOHHHHHLHHLLl 
25 C0101111XXXXOHHHHHLHLHLl 
26 C0101111XXXXOHLHHHLHLLLl 
27 C0101111XXXXOHHHHHLLHHLl 
28 C0101111XXXXOHHHHHLLHLL1 
29 C0101111XXXXOHHHHHLLLHL1 
30 C0101111XXXXOHHHHHLLLLLl 
31 C0101010XXXXOHHHLLLHHHL1 
32 C0101111XXXXOHHHLLLHHLLl 
33 C0101111XXXXOHHHLLLHLHLl 
34 C0101111XXXXOHHHLLLHLLL1 
35 C0101111XXXXOHHHLLLLHHL1 
36 C0101111XXXXOHHHLLLLHLLl 
37 C0101111XXXXOHHHLLLLLHL1 
38 C0101111XXXXOHHHLLLLLLL1 
39 C0101111XXXXOHHLHHHHHHL1 
40 C0111111XXXXOLHLHHHHHLLl 
41 C0101111XXXXOHHLLLLHLHHl 
42 C0101111XXXXOHHLLLLHHHL1 


Video Controller 


UART 
CONTROL 


11 
1111 
1111 
2222 
2222 
2233 
3333 
3333 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 ---x 
--x- /READY*START 


1 
x--- 
--x- /READY*RXD 


2 ---x -x-x --x,..--x- ---x ---x ---x ---x 
--x- /READY*START*BC3*BC2*BC- 


8 ---x ---x ---- 
START*DETO 


9 ---x ---x ---- 
START*DETO 


10 -x-x 
START*9600X8 


16 ---x 
--x 
START*DETI 


17 ---x 
---x 
START*DETI 


18 -x-x ---x 
START*9600X8*DETO 


24 ---x 
---x 
START*DET2 


25 ---x 
---x 
START*DET2 


26 -x-x ---x ---x 
START*9600X8*DETO*DETI 


32 
---- ---- 
---x 
x--- 
/SETBCO*BCO 


33 
---- ---- 
x--- 
---x /SETBCO*READY 


34 -x-x ---x ---x ---x 
x--- 
/SETBCO*START*9600X8*DE- 
35 
-x-- 
SETBCO 


40 
x--x 
/SETBCl*BCl 


41 
x--- 
---x /SETBCl*READY 


42 -x-x ---x ---x ---x ---x x--- 
/SETBCl*START*9600X8*DE- 
43 
-x-- 
SETBCl 


48 
x--- 
---x 
/SETBC2*BC2 


49 
x--- 
---x /SETBC2*READY 


50 -x-x ---x ---x ---x x--x ---x 
/SETBC2*START*9600X8*DE- 
51 
-x-- 
SETBC2 


56 
---x 
BC3 


57 
---x READY 


58 -x-x ---x ---x ---x ---x ---x ---x 
START*9600X8*DETO*DETl*- 


64 -x-x --x- ---x --x- 
--x- 
START*9600X8*/DET2*DETl- 
65 -x-x --x- ---x --x- 
--x- 
START*9600X8*/DET2*DETl- 
66 -x-x --x- ---x --x- ---x ---x ---x --x- 
START*96 0OX8 */DET2*DETl- 


72 
x--- x--- 
---x /INIT*/WE*READY 


73 ---x 
x--- x--- --x- --x- --x- ---x 
/INIT*jWE*START*BC3*/BC- 
74 
-x-- 
INIT 


LEGEND: 
X : FUSE 
NOT 
BLOWN 
(L,N,O) 
- : FUSE 
BLOWN 
(H,P,I) 


NUMBER 
OF 
FUSES 
BLOW 
,.1207 


1 
•... 


Villi 
. ~, , 
., 
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~ 
vo- 
· 
=-=OD-iDl 


L22 
·" 
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7 
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t;L'6 
"" 
-V 


" 
"'" 


9 
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RAM Control 


DTCNTO 
2 


DTCNT1 
J 


DTCNT2 
4 


CHAR1 
5 


CHAR2 
6 


CHAR3 
7 


CHAR4 
8 


CHARs 
9 


READY 


VCC 


WRITE 


CUiiSo 


SWAP 


HBLANK 


WE 


SWAPC 


CLRLIN 


16 iNCSCR 


CHARO 


PAL20X10 
PAL 
DESIGN 
SPECIFICATION 


VP8 
BIRKNER/UDI 
7/29/81 


RAM 
CONTROL 


MMI 
SUNNYVALE, 
CALIFORNIA 
CK 
/DTCNTO 
/DTCNT1 
/DTCNT2 
/CHARl 
/CHAR2 
/CHAR3 
/CHAR4 
/CHARS 
/READY 
/LF 
GND 
/OC 
/H255 
/CHARO 
/INCSCR 
/CLRLIN 
/SWAPC 
/WE 
/HBLANK 
/SwAP 
/CURSO 
/WRITE 
VCC 


WRITE:=READY*/DTCNT2*/DTCNT1*/DTCNTO*/H255 
*CHARS*CHAR4*CHAR3*CHAR2*CHARl*CHARO 
+ WRITE*/DTCNT2*/H255 
:+:WRITE* 
DTCNT2*/DTCNT1*/H255 
+ CLRLIN*/DTCNT2*/DTCNT1*/DTCNTO 


SWAP 
:= WRITE* /DTCNT2 */DTCNT1 *DTCNTO 
+ WRITE* 
DTCNT2 */DTCNT1 */DTCNTO 


SWAPC:= 
WRITE*/DTCNT2*/DTCNT1*DTCNTO*/CLRLIN 
+ WRITE* 
DTCNT2*/DTCNT1*/DTCNTO*/CLRLIN 
:+:CHARS*CHAR4*/CHAR3*LF 


INCSCR 
:= WRITE*DTCNT2*/DTCNT1*DTCNTO*/CLRLIN*/H255*LF 
+ WRITE* 
CHARS*/CHAR4*CHAR3*CHAR2*CHARl*CHARO 
*/CLRLIN*/H255 
* DTCNT2 */DTCNT1 *DTCNTO 
:+:CHARS*CHAR4*/CHAR3*LF 


H255 
:= CHARS*CHAR4*CHAR3*CHAR2*CHARl*CHARO 
*DTCNT2*DTCNT1*/DTCNTO 


CLRLIN 
:= INCSCR 
+ CLRLIN*CHARS*CHAR4*CHAR3*CHAR2*CHARl*CHARO 
:+:CLRLIN*/CHARS 
+ CLRLIN*/CHAR4 


HBLANK 
:= CHARS *CHAR4 
+ CHARS*CHAR4 
:+:CHARS*CHAR4*/CHAR3*/CHAR2*/CHARl*/CHARO*/DTCNT2 
+ CHARS *CHAR4 */CHAR3 */CHAR2 */CHARl */CHARO */DTCNT1 


CHARO:= 
SWAPC*CURSO 
+ /SWAPC*CHARO 
:+:/SWAPC*DTCNTO*DTCNT1*DTCNT2 


;SET WHEN 
DTCNT=O 


;& CHAR=63 
;HOLD 
AT 
0,1,2,3 
;HOLD 
AT 
4,5 
;SET AT 
DTCNT=O 


;SWAP 
AT DTCNT=l 


;SWAP 
BACK 
AT 
4 


;SWAP 
AT 
DTCNT=l 
;SWAP 
BACK 
AT 
4 
;TEST 
CONDITION 


;DETECT 
LINEFEED 
;CURS=47, 
LAST 
;VISIBLE 
CHAR 
ON 
;LINE. 
DTCNT=5 
rTEST 
CONDITION 


rEND OF 
LINE 
;DTCNT=6 


rSET 
ON 
LINE 
END 
rHOLD 
THIS 
WRITE 
;HOLD, 
CHAR=0-31 
;HOLD, 
CHAR=32-47 


;CHAR=48-63 
rEXTEND 
rCANCEL 
48-48.5 
rCANCEL 
48.5-48.75 


rSWAP 
WITH 
CURS 


;HOLD 
;INC 


CURSO:= 
SWAPC*/INCSCR*CHARO 
;SWAP 
WITH 
CHAR 
+ /SWAPC*/INCSCR*CURSO 
;HOLD 


:+:/SWAPC*/INCSCR*WRITE*/CLRLIN*DTCNT2*DTCNT1*/DTCNTO 
;INC 


Video Controller 


FUNCTION 
TABLE 


CK 
DTCNT2 
DTCNT1 
DTCNTO 
CHARS 
CHAR4 
CHAR3 
CHAR2 
CHAR! 
CHARO 
READY 


LF 
loe 
H255 
INCSCR 
CLRLIN 
SWAPC 
/WE 
HBLANK 
SWAP 
CURSO 
WRITE 


I 
C 
H 


R 
N 
L 
S 
B 
C 
W 
E 
H 
C 
R 
W 
L 
S 
U 
R 


A 
I 
2 
S 
L 
A 
I 
A 
W 
R 
I 


C 
DTCNT 
CHAR 
0 
L 
0 
5 
C 
I 
P 
W 
N 
A 
S 
T 
K 
210 
54321 
0 
y 
F 
C 
5 
R 
N 
C 
E 
K 
P 
0 
E 
COMMENTS 
------------------------------------------------------------------------------ 
C 
LLL 
HHLXX 
X 
X 
H 
L 
X 
H 
X 
H 
X 
X 
X 
X 
X 
SET 
INCSCR, 
SWAPC 
C 
HHL 
HHLXX 
X 
X 
H 
L 
X 
H 
H 
H 
X 
X 
X 
L 
X 
CLRLIN=H,CURS=L 


C 
LLL 
HHLXX 
X 
X 
H 
L 
L 
H 
H 
H 
X 
X 
X 
L 
H 
SET 
WRITE 
C 
LLH 
LLLXX 
X 
X 
X 
L 
L 
L 
L 
L 
X 
X 
X 
L 
H 
INCSCS,CLRLIN=L 
C 
HHL 
LLXXX 
X 
L 
X 
L 
L 
L 
L 
L 
X 
X 
X 
X 
L 
SWAP 
CURSO, 
CHARO 
C 
HHL 
HHLXX 
X 
X 
H 
L 
X 
H 
X 
H 
X 
X 
X 
X 
X 
SET 
INCSCR,CWAPC 
C 
HHL 
HHLXX 
X 
X 
H 
L 
X 
H 
H 
H 
X 
X 
X 
L 
X 
CLRLIN=H 
C 
LLL 
HHLXX 
X 
X 
H 
L 
L 
H 
H 
H 
X 
X 
X 
X 
H 
SET 
WRITE 
SIGNAL 
C 
LLH 
XXXXX 
X 
L 
X 
L 
L 
X 
X 
X 
X 
X 
X 
X 
H 
HOLD 
WRITE 
C 
LHL 
XXXXX 
X 
L 
X 
L 
L 
X 
X 
X 
H 
X 
X 
X 
H 
HOLD 
WRITE 
C 
LHH 
XXXXX 
X 
L 
X 
L 
L 
X 
X 
X 
L 
X 
X 
X 
H 
ENABLE 
WRITE 
C 
HLL 
XXXXX 
X 
L 
X 
L 
L 
X 
X 
X 
H 
X 
X 
X 
H 
HOLD 
WRITE 
C 
HLH 
XXXXX 
X 
L 
X 
L 
L 
X 
X 
X 
X 
X 
X 
X 
H 
HOLD 
WRITE 
C 
HHL 
XXXXX 
X 
L 
X 
L 
L 
X 
X 
L 
X 
X 
X 
X 
L 
CLEAR 
WRITE 
SIGNAL 
C 
HHH 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
CHARO=H, 
INCSCR=L 
C 
LLL 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
HOLD 
C 
LLH 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
HOLD 
C 
LHL 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
HOLD 
C 
LHH 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
HOLD 
C 
HLL 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
HOLD 
C 
HLH 
XXXXX 
H 
L 
X 
L 
L 
L 
X 
L 
X 
X 
X 
X 
L 
HOLD 
C 
HHL 
HHHHH 
H 
L 
X 
L 
H 
L 
X 
L 
X 
X 
X 
X 
X 
END 
OF 
LINE 
C 
HHH 
HHLXX 
L 
L 
L 
L 
L 
~ 
L 
L 
X 
X 
X 
X 
X 
CLEAR 
CLRLIN 
& H255 
C 
LLL 
HHHXX 
L 
H 
L 
L 
L 
L 
L 
L 
X 
H 
X 
X 
L 
SET 
HBLANK 
C 
HHH 
HHLXX 
H 
L 
L 
L 
L 
L 
L 
L 
X 
H 
X 
L 
L 
SET 
CURSO 
to 
C 
LLL 
HHLLL 
H 
H 
L 
L 
L 
L 
L 
L 
X 
H 
X 
L 
X 
HBLANK=L 
C 
LHH 
HHLXX 
H 
L 
L 
L 
L 
L 
L 
L 
X 
X 
L 
L 
L 
HOLD 
C 
HHL 
HHLXX 
H 
L 
H 
L 
L 
H 
L 
H 
X 
X 
L 
L 
L 
SET 
INCSCR 
C 
XXX 
HHLXX 
L 
L 
L 
L 
L 
L 
H 
X 
X 
X 
X 
L 
L 
SET 
CLRLIN 
C 
LLL 
LLXXX 
L 
L 
L 
L 
L 
L 
H 
X 
X 
X 
X 
L 
H 
HOLD 
CLRLIN, 
SET 
WRITE 
C 
LLL 
LLXXX 
L 
L 
L 
L 
L 
L 
H 
X 
X 
X 
X 
L 
L 
CLR 
WRITE, 
HOLD 
CLRLIN 
C 
LLL 
HHLXX 
L 
L 
L 
L 
L 
L 
L 
X 
X 
X 
X 
L 
H 
CLEAR 
CLRLIN 
C 
LLH 
XXXXX 
L 
L 
L 
L 
L 
L 
L 
H 
X 
X 
H 
L 
H 
SET 
SWAP 
& SWAPC 
------------------------------------------------------------------------------ 


THIS 
PAL 
CONTROLS 
BOTH 
THE 
TIMING 
FOR 
WRITING 
A CHARACTER 
INTO 
THE 
RAM 
AND 
THE 
TIMING 
FOR 
READING 
A CHARACTER 
FROM 
THE 
RAM. 


"WRITE" 
IS A SIGNAL 
THAT 
DATA 
IS AVAILABLE 
AND 
CAN 
BE WRITTEN 
INTO 
THE 
RAM WHEN 
"DTCNT" 
IS BETWEEN 
0 AND 
5. 


"SWAP" 
AND 
"SWAPC" 
SWAP 
POINTERS 
TO ENABLE 
WRITING 
AND 
READING 
BY 
ADDRESSING 
THE 
RAM 
THROUGH 
THE 
SAME 
ADDRESS 
LINES. 


"CLRLIN" 
ERASES 
EARLIER 
INFORMATION 
AND 
ALLOWS 
TO WRITE 
TO THAT 
LOCATION. 
WHEN 
THE 
"LF" 
KEY 
IS PUSHED, 
THE 
CLRLIN 
SIGNAL 
IS SET. 
IT REMAINS 
SET 
AS 
LONG 
AS A WRITE 
IS DONE 
TO THIS 
LOCATION. 


I 
I 


WRITE 
~~---~--~- 
_ 


I 
I 


SWAPC/SWAP 
I 
I 


RAM ADDRESS POINTED 
BY: 


OPERATION: 


I 
I 
CHAR LINES 
CURS, SCROL 
CHAR LINES 
READ 
WRITE 
READ 


I 
I 
I 
I 
I 
I 
I 
I 


WRITE 
and 
READ 
signals 
to 
the 
RAM 
for 
one 
character 
code 
(when 
CHAR 
= 63). 
(Z 
= THREE 
STATE) 


1 CIIIXXI00XOXOXXLXLXXXXXI 
2 CI00XXI00XOXOXXLLLXXXHXl 
3 CIIIXXI00XOXOHXLLLXXXHLI 
4 COIIXXIIIXXXOHXHHHXXXHLI 
5 CI00XXXIIIXXOHXHHHXXXXHI 
6 CI00XXI00XOXOXXLXLXXXXXI 
7 CI00XXIOOXOXOXXLLLXXXHXl 
8 CIIIXXI00XOXOHXLLLXXXXLI 
9 COIIXXXXXIXXOHXXXXXXXXLI 
10 CI0IXXXXXIXXOHXXXXHXXXLI 
11 COOIXXXXXIXXOHXXXXLXXXLI 
12 CII0XXXXXIXXOHXXXXHXXXLI 
13 COI0XXXXXIXXOHXXXXXXXXLI 
14 CI00XXXXXIXXOHXXXHXXXXHI 
15 COOOXXXXXIXXOHLHXHXXXXHI 
16 Cl1IXXXXXIXXOHLHXHXXXXHl 
17 COIIXXXXXIXXOHLHXHXXXXHI 
18 CI0IXXXXXIXXOHLHXHXXXXHI 
19 COOIXXXXXIXXOHLHXHXXXXHI 
20 CII0XXXXXIXXOHLHXHXXXXHI 
21 COI0XXXXXIXXOHLHXHXXXXHI 
22 CI0000000IXXOLLHXHXXXXXI 
23 COOOXXI00IIXOHHHHHXXXXXI 
24 CIIIXXOOOOIXOHHHHHXLXXHI 
25 COOOXXI00IIXOHLHHHXLXHHl 
26 Clllll1000IXOHLHHHXLXHXl 
27 COOIXXI00IIXOHLHHHXXHHHI 
28 CI00XXI00I0XOHLLHLXXHHHI 
29 CXXXXXI00IIXOHHHLXXXXHHI 
30 CIIIXXXllllxOHHHLXXXXHLI 
31 CIIIXXXIIIIXOHHHLXXXXHHI 
32 CIIIXXI00IIXOHHHHXXXXHLI 
33 COIIXXXXXIIXOHHHHLXXLHLI 


Video Controller 


RAM 
CONTROL 


11 
1111 
1111 
2222 
2222 
2233 
3333 
3333 


0123 
4567 
8901 
2345 
6789 
0123 
4567 
8901 
2345 
6789 


0 x--- x--- x--- -x-- -x-- -x-- -x-- -x-- -x-x --x- READY*/DTCNT2*/DTCNT1*/- 
1 ---x 
x--- 
--x- WRlTE*/DTCNT2*/H255 


2 ---x x--- -x-- 
--x- WRlTE*DTCNT2*/DTCNT1*/H- 
3 x--- x--- x--- 
---x 
CLRLIN*/DTCNT2*/DTCNT1*- 


8 
---x 
--x- ---x 
SWAPC*/INCSCR*CHARO 


9 
---x 
--x- 
--x- 
/SWAPC*/INCSCR*CURSO 
10 x--x -x-- -x-- 
--x- --x- --x- 
/SWAPC*/INCSCR*WRlTE*/C- 


16 -x-x x--- x--- 
WRITE*/DTCNT2*/DTCNT1*D- 
17 x--x x--- -x-- 
WRITE*DTCNT2*/DTCNT1*/D- 


24 
-x-- -x-- 
CHARS *CHAR4 


25 
-x-- -x-- 
CHARS *CHAR4 


26 
x--- x--- x--- x--- -x-- -x-- --x- 
CHARS*CHAR4*/CHAR3*/CHA- 
27 
x--- 
x--- x--- x--- -x-- -x-- --x- 
CHAR5*CHAR4*/CHAR3*/CHA- 


32 -x-x -x-- x--- 
---- 
WRITE*/DTCNT2*DTCNT1*DT- 


40 -x-x x--- x--- 
--x- 
---- 
WRlTE*/DTCNT2*/DTCNT1*D- 
41 x--x x--- -x-- 
--x- 
---- 
WRITE*DTCNT2*/DTCNT1*/D- 


42 
x--- -x-- -x-- 
-x-- CHAR5*CHAR4*/CHAR3*LF 


48 
---x 
INCSCR 


49 
-x-- -x-- -x-- -x-x -x-- ---x 
CLRLIN*CHARS*CHAR4*CHAR- 
50 
---x x--- 
CLRLIN*/CHAR5 


51 
x--x 
CLRLIN*/CHAR4 


56 -x-x x--- -x-- 
--x- 
-xx- WRITE*DTCNT2*/DTCNT1*DT- 
57 -x-x x--- -x-- -x-- -x-- -x-- x-x- -x-- ---x --x- WRlTE*CHAR5*/CHAR4*CHAR- 
58 
x--- -x-- -x-- 
-x-- CHARS*CHAR4*/CHAR3*LF 


64 
---x 
---x 
SWAPC*CURSO 


65 
--x- 
---x 
/SWAPC*CHARO 


66 -x-- -x-- -x-- 
--x- 
/SWAPC*DTCNTO*DTCNT1*DT- 


72 x--- -x-- -x-- -x-- -x-- -x-- -x-- -x-- ---x 
CHAR5*CHAR4*CHAR3*CHAR2- 
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This paper conveys the message that a video-eontroller board 
can be designed in an efficient way by using PALs. The 
above video controller was developed and is used by Monolithic 
Memories. Inc. 


presently common to the industry with an explanation of how 
we developed our video-eontroller board. 


Boolean transfer function equations. function tables. descrip- 
tions. simulations and fuse-plots are all offered within our PAL 
specifications. These were developed on the company in-house 
computer and are available from Monolithic Memories. 


------- 
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by Howard W. Sams 
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Co .. Inc. 


2. 
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and 
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SINGLE-CHIP CONTROLLER INCREASES 
MICROPROCESSOR THROUGHPUT 


Design 
technique 
uses semicustom 
logic 
to minimize 
hard- 


ware in a DMA controller 
that combines 
fast response 
with 
the potential 
to service 
multiple 
input or output 
devices 
and 
the flexibility 
to handle 
many different 
applications 
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Copyright 
Computer 
Design 
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Company, 
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Microprocessors 
have a broad 
range of capabilities; 
yet 


they 
are 
unable 
to perform 
specific 
functions 
efficiently 
without hardware 
augmentation. 
One such function 
is trans- 
fer 
of 
blocks 
of 
data 
to 
or 
from 
processor 
controlled 
memory. 
Under 
specific 
conditions, 
such 
blocks 
may be 
moved efficiently 
by direct memory access. Data must be se· 


quentially 
ordered, 
a starting 
address 
must be specified 
for 


both 
the 
processor 
associated 
memory 
and 
the 
external 


source 
or destination, 
and 
the data 
block length 
must be 


specified. 
When 
these 
three 
conditions 
are 
met, 
data 
transfer 
responsibility 
passes to a hardware 
controller, 
and 
data 
moves rapidly 
because 
instruction 
processing 
is elim- 


inated 
during 
the transfer. 


Although 
direct memory access (DMA) efficiently 
transfers 
blocks of data 
between 
a source 
and a destination, 
it nor- 


mally interfaces 
memory with only a single external 
device 
and 
is unable 
to move data 
between 
memory 
and 
a dis· 


tributed 
network. 
The 
need 
to interface 
a microprocessor 


with a network 
of distributed 
devices 
led to a generalized 


concept 
that can be structured 
to transfer 
data 
rapidly 
in 


either 
direction. 


This concept 
is analogous 
to the 
DMA function 
in that 


blocks 
of 
sequential 
data 
are 
transferred 
to 
or 
from 


memory. It differs in that, externally, 
each data word has an 
associated 
device location. 
Implementing 
the transfer 
func- 


tion in terms of this concept 
increases 
the data transfer 
rate 


while imposing 
four constraints 
on the system: 
the data 


block length must be constant; 
data must occupy sequential 


memory 
locations; 
the distributed 
devices 
are always ser- 
viced 
in the same 
sequence; 
and 
each 
implementation 
is 


committed 
to either 
input or output. 


Conceptually, 
the controller 
accepts 
data transfer 
responsi- 
bility 
from 
the 
microprocessor 
upon 
command; 
steps 


through 
the data 
block, 
sequentially 
creating 
data 
paths 


between 
memory 
and various 
external 
devices; 
then returns 


control 
to the microprocessor. 
Functionally, 
upon receipt 
of 


the transfer 
mode command, 
the controller 
places the cen- 


tral processing 
unit (CPU) 
in the 3·state mode, generates 
all 


Single-chip Controller Increases Microprocessor 
Throughout 
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AT TRANSITION 
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DATA COUNTER 
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RAM COUNTER 
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EDGE 
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5 
UPON 
COMPLETION 
OF DATA TAANSFER 
(END), 
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STATE 
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DATA COUNTER 
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COUNT 
ADDRESS 
COUNTEA 
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IN 3-STATE 
MODE 
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HOLD 
COMMAND 
TO CPU 
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= READ CYCLE 
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SELECT TO DoUT 
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(TRANSFER 
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RAM IS SELECTED 
IN STATES 2 AND 
3, 0H 
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IN STATE 3. ENABLE 
SELECTS 
DEMULTIPLEXER. 
AND 
CONTENTS 
OF DATA COUNTER 


rOA THROUGH 
OOl ARE DECODED 
TO GENERATE 
DATA LOAD (WRITE 
ENABLE) 
PULSE 


Fig 1 
Transfer 
from CPU memory to device. 
PAL im· 


plements 
two categories 
of Boolean expressions, 
data 


counters 
that control 
destination 
selection 
and state 


required 
timing and control signals, sequentially 
creates 
the 
data 
paths, 
and 
transfers 
data 
through 
each 
path. 
Upon 


completion 
of the data 
transfer, 
it relinquishes 
control 
to 
the 
microprocessor, 
which 
then 
resumes 
instruction 


processing. 
Increased 
throughput 
is the 
implementation 
rationale; 
therefore, 
the two primary 
design 
objectives 
are 
to enter 


and leave the data 
transfer 
mode in a minimum 
number 
of 


clock periods 
and to transfer 
one data word every two clock 


periods. 
This 
transfer 
rate 
allows 
one 
clock 
period 
to 


establish 
each data path, with the write pulse created 
in the 


second 
period 
to complete 
the transfer. 
Secondary 
design 


objectives 
relate 
to implementation 
and allow modification 


to meet 
varying 
applications 
using 
a minimal 
amount 
of 


additional 
circuitry. 


equations 
that control 
sequence 
of events 
shown 
in 


state diagram 


Design approaches 
that meet these objectives 
include 
use 
of a state 
sequencer 
to meet the control 
transfer 
and data 


transmission 
timing 
requirements, 
and use of fusible 
link, 


semicustom 
logic 
to 
meet 
the 
circuit 
flexibility 
and 


minimization 
requirements. 
A simplified 
microprocessor 


interface 
is achieved 
by incorporating 
the microprocessor 
clock and hold capabili ties in to the sequencer 
design. 


The 
state 
sequencer 
organizes 
and 
concentrates 
logical 


functions 
to 
realize 
the 
high 
density 
capabilities 
of 
semicustom 
logic. What 
determines 
the number 
of control 


flipflops 
is 
the 
number 
of 
required 
states; 
therefore, 
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2 
STATE 2 1$ ENTERED 
UPON 
RECEIPT 
OF HOLDA 
{CPU 
IN HOLD. 
CPU ADDRESS 
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3·$TATEI 


3 
IN STATES 
2 AND 
3 RAM ADDRESS 
COUNTER 
OUTPUT 
1$ REMOVED 
FROM 
3·STATE 


MOOE 
AND 
ITS COUNT 
CAPABILITY 
ENABLED 
THROUGH 
GET 


4 
AT TRANSITION 
FROM 
STATE 
3 TO STATE 2. BOTH 
DATA 
COUNTER 
AND 
RAM COUNTER 
ADDRESS 
ARE DECREMENTED 
BY RISING 
EDGE 
OF OG 


5 
UPQN 
COMPLETION 
OF DATA 
TRANSFER 
(END) 
STATE 0 1$ ENTERED 
FROM 
STATE 3 
DATA 
COUNTER 
IS SET AT ITS INITIAL 
COUNT, 
ADDRESS 
COUNTER 
IS PLACED 
IN 3-STATE 


MODE 
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HOLD 
COMMAND 
TO CPU 
IS RELEASED 


SPECIFIC 
(TRANSFER 
EXTERNAL 
SOURCE 
TO CPU 
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IN STATES 
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3 (iSH) DEMULTIPLEXER 
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DECODES 
DATA 


COUNTER 
CONTENTS. 
AND 
SELECTS 
EXTERNAL 
SOURCE 


Fig 2 
Transfer from device to CPU memory. Similar to Fig 1, with hardware 
configuration 
and state diagram 


modified to transfer data in opposite 
direction 


performing 
all logic functions 
in four states reduces 
the se- 
quencer 
design requirement 
to two f1ipflops and helps meet 


the secondary 
design 
objective. 
These 
four states 
are idle, 


when the CPU has system control; transitional, 
while the CPU 


is entering 
the hold mode and relinquishing 
control; 
and 


two 
data 
transfer, 
one 
permitting 
address 
and 
data 


stabilization, 
and 
the 
other 
creating 
the 
write 
command 


(Figs I and 2). 


In this application, 
both 
flipflops 
are 
reset 
in the 
idle 


state (QH,QC' state 
0) awaiting 
a software 
generated 
com· 


mand 
(DTRANS), which sets the G flipflop, 
advances 
the se- 


quencer 
to state 
I (QH,QJ, 
and 
initiates 
a CPU hold com· 


mand, sustained 
until the sequencer 
returns 
to state O. The 


CPU tests its hold command 
input 
each machine 
cycle and, 


upon sensing 
a command, 
enters 
the hold state, placing 
its 


data bus, address 
bus, and some control 
lines in the 3-state 


mode. 
It remains 
in this state 
until 
the hold command 
is 


released 
by the sequencer. 


When 
it enters 
the 
hold 
state, 
the 
CPU issues 
a hold 


acknowledge 
(HOLD). 
Upon 
receipt 
of 
HOLDA, 
the 


sequencer 
advances 
to state 
2 {QH,QJ, 
which 
completes 
transfer 
of the data handling 
function 
from the 
CPU to the 
controller. 
It 
then 
toggles 
between 
state 
2 and 
state 
3 
{QH,QJ, 
processing 
one 
data 
word 
each 
cycle 
until 
the 
preestablished 
number 
of data words have been transferred 


(END). Then, 
the sequencer 
returns 
to state 0 and releases 
the hold command, 
allowing resumption 
of instruction 
pro· 


cessing by the CPU. 


While the sequence 
of states is the same for data transfer 


in either direction, 
the events that occur within states 2 and 


3 differ. 
During 
transfer 
of data 
from memory 
to external 
devices, state 2 is memory access time and state 3 generates 
the load command 
for the specific 
device. 
When 
leaving 


state 3, the edge of the G flipflop {Q"J advances 
the memory 


address 
counter. 
When data from external 
devices are read 


into 
memory, 
state 
2 time 
is used 
to select 
the 
external 


source 
and 
stabilize 
the data. 
The 
memory 
write 
enable 


pulse is generated 
by state 
3, and leaving 
state 
3 changes 


the memory 
address 
counter. 
Transfer 
states 
ST2 and 
ST3 


are 
identified 
by the output 
of the H flipflop, 
which 
ac· 


tivates 
the random 
access 
memory 
(RAM) 
address 
counter 


outputs, 
enables 
address 
counting, 
and, additionally, 
selects 


either 
the 
RAM or the multiplexer 
when transferring 
to or 


from the external 
devices, respectively. 


Utilizing 
semicustom 
integrated 
circuitry 
satisfies 
the reo 


quirement 
for logic 
minimization 
and 
design 
flexibility. 


This approach 
increases 
logic density by mitigating 
two fac- 


tors 
that 
increase 
random 
logic package 
count: 
function 


partitioning 
and pin limitation. 
To maximize 
these benefits, 


the programmable 
logic chip 
must 
contain 
AND, 
OR, 
and 


flipflop 
functions, 
as well as internal 
feedback. 
Flipflop 


functions 
are required 
to implement 
the sequencer 
and, ad- 


ditionally, a counter 
that is decremented 
at the completion 
of 


each data transfer (state 3 to state 2 transition). 
The counter 


serves a dual purpose: 
the demultiplexed 
count selects exter- 


nal 
devices 
and, 
by monitoring 
the 
count, 
the 
controller 


determines 
completion 
of the data block transfer 
(END). 
Data block length determines 
the number 
of counters 
and 


demultiplexers 
required. 
With three 
counters 
and a 3 to 8 


demultiplexer 
(74138), block lengths 
up to eight may be ac- 


commodated. 
With 
four counters 
and 
a 4 to 16 demulti· 


plexer 
(74157), the block length 
may be extended 
to 16. An 
increase 
to six counters 
will allow block length expansion 
to 


64, with additional 
demultiplexers. 
This approach 
focuses 


on design for a block length of 16 words so that the flipflops 
and associated 
input decoding 
can be contained 
on one fus· 


ible link, programmable 
array logic (PAL) integrated 
circuit. 


PAL 16R6 contains 
six D flipflops (registers) 
connected 
to a 
common clock input. 
Output 
Q of each register 
is available 
externally 
through 
an inverting, 
3-state buffer 
(Q). Input 
D 
of each register 
is an 8·input 
OR gate; each input a program- 


mable 
AND combination 
of the available 
terms. 
Each gate 


array must be true to set the register 
on the following clock 
pulse or false to allow the register 
to reset. Thus, 
Boolean 


expressions 
state 
the conditions 
that cause the registers 
to 


become or remain 
set. 


Two additional, 
non-register, 
AND·OR 
gate 
outputs 
and 


the six register 
outputs 
have internal 
feedback 
paths. With 


the 
eight 
available 
inputs, 
they 
become 
the 
16 terms 


available 
when implementing 
Boolean 
expressions. 


Six counter 
equations 
are shown in Fig 3. For a maximum 
block 
length 
of 
16, the 
four 
least 
significant 
counts 
(A 


through 
D) are required; 
expansion 
up to length 32 requires 


equation 
E; equation 
F must 
be implemented 
for block 
lengths 
between 
33 and 64. The counter 
flipflops 
are held 


set during 
states 0 and 
I. States 2 and 3 require 
only one 


clock period 
each; hence, from leaving state 
I until comple- 
tion of data 
transmission 
and return 
to state 
0, there 
is a 


state transition 
in every clock cycle. 


During 
this interval, 
each 
equation 
must 
establish 
the 


condition 
of its counter 
flipflop 
for the 
following 
state. 


When entering 
state 2 from state I, the counter 
flip flops are 


set as established 
by state 
I. Since it is necessary 
to change 


the counter 
on the transition 
from state 
3 to state 
2, the 


counting 
decision must be made during state 3, and the new 


count 
must 
be 
established 
when 
entering 
state 
2. The 


counter 
register 
content 
must be maintained 
during 
state 2 
to prevent 
change 
at the transition 
from state 2 to 3. 


Fig 3 also shows the 2-state sequencer 
equations. 
Equa- 
tion 
G is independent 
of block 
length, 
and 
equation 
H 


OF = <4t + 0H 
. % . OF + 0H 
. 0G (OF' 
DE + OF . Co 
+ OF 
• Dc + OF 
• Os 
+ OF . GA) 


0E = OH + 0H • Dc; • 0E + 0H 
• 0G (OE • 00 
+ 0E • 0c 
+ 0E 
• Os + 0E • 0A + CE . 00 . OC . OS . 0,;1 


Co = 5H + 0H 
. OG . Co + 0H 
. 0G (00 
. DC + 00 
. Os + 00 
. 0A + 00 
. ac . CB . CiA) 


Dc = 5H + 0H 
. OG . Dc + 0H 
• 0G (Oc 
. Os + 0c 
• 0A + OC· DB . 0,;> 


Os = 5H + 0H 
. OG . as 
+ 0H 
. QG (Oa . QA + 58 . 0;.) 


QA = <5H + QH • 6G . 0A + 0H 
. 0G 
. 6A 


Fig 3 
Boolean statements. 
PAL 
registers 
implement 
data 
counter 
and 
state 
controller 
equations. 
Control equation 
G is 
independent 
of 
block 
length. 


Control equation 
H must be ex- 


panded by expression 
for END to 
establish 
block length 
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incorporates 
the block 
length 
(END) 
decoding. 
The 
table, 


Block Length 
Control, 
shows the expressions 
for END, when 


six counters 
are used, organized 
by remainder 
of a modulo 
16 
number. 
For 
shorter 
block 
lengths, 
references 
to 


unimplemented 
counters· are ignored. 
Both control flipflops 
are 
reset 
(expressions 
false) when 
the 
computer 
issues 
a 


RESET 
command, 
establishing 
state 
O. This 
state 
is main- 


tained 
until 
the 
CPU 
issues 
DTRANS, 
advancing 
the 
se- 


quencer 
to state 
I by setting 
G. 
A hold command 
is generated 
by the sequencer, 
which 


waits in state I until the CPU responds 
with HOLDA, verifying 


that it has stopped 
instruction 
processing 
and that its buses 
are 
3-stated. 
HOLDA 
resets 
G and 
sets 
H, advancing 
the 


sequencer 
to state 
2_ The 
G flipflop 
then 
toggles, 
causing 


the sequencer 
to cycle between states 2 and 3. H remains 
set 


during 
both states but tests the content 
of the data counter 


during 
state 3 to determine 
if data transmission 
is complete 


(END 
expression 
false). 
END false also causes 
the H flipflop 


to reset at the completion 
of state 3, returning 
the sequen- 


cer to state 
0 and releasing 
the hold command 
to the 
CPU. 


System 
parameters 
were developed 
for use with the model 


8085 microprocessor, 
the 
2114 bidirectional 
RAM, and 
the 


25LS2569 binary 
up/down 
counter. 
Attributes 
of these com- 
ponents 
that help meet the design 
goals are (a) availability 
of the 
CPU interface 
signals 
reset, clock out, hold, and hold 


Remainder 


1 
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4 
5 
6 
7 
8 
9 
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15 
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Block 
Length 
Control" 


END Expression 


OF + 0E 
OF + 0E + 0A 
OF + 0E 
+ Os 
OF + 0E + Os + 0A 
OF + 0E + Oc 
OF + 0E + 0c 
+ 0A 
OF + 0E + 0c 
+ Os 
OF + 0E + 0c 
+ Os + 0A 


OF + 0E 
+ 0D 
OF + 0E + 0D + 0A 
OF + 0E + 0D + Os 
OF + 0E + 0D + Os + 0A 
OF + 0E + 0D + 0c 
OF + 0E + 0D + 0c 
+ 0A 
OF + 0E + 0D + 0c 
+ Os 
OF + 0E + 0D + 0c 
+ Os + 0A 


• ReQuired to complete 
equation 
H in Fig 3,'£NO expressions 
are Ilst~ 
by modulo 
16 re- 


mainderof 
data word 
count. 
Counter 
F is not required 
tor block 
sizes 
less than 33. 


Counter 
E is not required 
for block 
sQ:es less tha117. 
Single 
word 
transmission 
is a trtvlal 
solution 
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Fig 4 
8085 timing and interface 
signals. 
Register 
contents 
reflect 
state 
controller 
interaction 
with 
computer 
commands. 
Control 
states 
reflect 
state 
flipflop outputs. 
Signals common to transfer in either 
direction are grouped. Current RAMaddress 
starts at 


A and decreases 
during successive 
cycles. 
Memory 


timing, shown for data flow both from and to RAM, 
relates to RAMtiming requirements 
for Fig 1 and Fig 


2, respectively 


acknowledge; 
(b) ihe 
RAM's high 
density, 
4-bit data 
word, 
bidirectional 
data 
bus, and simplified 
d.ual control 
line in- 
terface; 
and (c) the counter 
synchronized 
load, increment, 
and 
decrement 
controls, 
and 
also its 3-state 
outp~t 
and 


cascading 
capabilities. 
Additionally, 
the 
response 
and 


operating 
speeds 
of the 
RAMand 
counter 
are compatible 
with the microprocessor 
clock. 
Figs I, 2, and 4 show the configuration 
and timing 
rela- 
tionships 
achieved 
by 
using 
these 
components. 
Microprocessor 
choice establishes 
the system clock rate and 
the method 
of passing 
control 
between 
the microprocessor 
and the data 
controller. 
The 
method 
of implementing 
the 
data 
controller, 
which 
meets 
the 
dual 
requirements 
of 
simplicity 
and high throughput, 
restricts 
RAMselection. 
In 
Figs I and 2, tRC and twc cannot 
exceed 
two clock periods. 


When 
moving data to external 
devices, the devices must be 
able to function 
within the constraints 
of tAAand tEA'When 
moving data to the CPU memory, 
its write requirements, 
tw 
and tDw, must be less than one clock period. 
Because 
of the 


controller 
structure, 
tDHand tWR must both be zero, a restric· 


tion satisfied 
by many RAMscurrently 
available. 


Adaptation 


Distributed 
data port servicing 
is the primary 
functional 
re- 
quirement 
of the data controller, 
and the specific number 
of 
ports 
is a parameter 
written 
into the Boolean 
expressions 
implemented 
by a member 
of the PALfamily. The inherent 
flexibility 
arising 
from implementation 
of many of the logic 
functions 
by easily 
modified 
Boolean 
expressions 
can 
be 


demonstrated 
by extending 
the application 
requirements 
to 
include 
program 
control 
of the data block length. 
Now, the 


design 
objectives 
are 
to 
incorporate 
this 
feature 
with 


minimal 
hardware 
reconfiguration 
and 
to retain 
all the 
operational 
attributes 
of the original 
DMAcontroller. 


Although 
the state 
sequencer 
remains 
conceptually 
un- 
changed, 
its interaction 
with 
the 
data 
counter 
must 
be 


modified 
to implement 
a variable 
block length. The original 
concept 
has a fixed data block length, with the data counter 
starting 
at all Is and decrementing 
to a predetermined 
end 
count. 
Its advantages 
are 
that 
the 
CPU interface 
is mini- 


mized and that all data ports are serviced 
during 
each DMA 
cycle. To implement 
the variable 
block length 
feature, 
the 


CPUloads the data counter 
with the actual 
count; then dur- 
ing data transfer, 
the state sequencer 
decrements 
the count 


to 0, the end count that terminates 
the operation. 


It is desirable 
to implement 
the state sequencer 
and data 
counter 
on a single 
programmable 
chip while maximizing 


the data 
counter 
length. 
To achieve 
this, a 16R8 program- 
mable 
logic chip 
replaces 
the 
16R6 used 
previously. 
This 


change 
increases 
the number 
of registers 
by two at the ex- 
pense of the two gated outputs. 
The chip configuration 
now 
offers eight data inputs; 
eight D registers, 
each with an in- 
verting 
output; 
a register 
clock input; 
and a 3·state control 


input. 


Of the eight 
registers, 
two are required 
for the state 
se- 


quencer, 
allowing a maximum 
block length of 64 in a single- 
chip 
implementation. 
However, 
three 
control 
lines are re- 
quired: 
HOLDAand DTRANS,as in the original 
concept, 
plus 


a software 
generated 
LOADA,which transfers 
the content 
of 


the data 
bus to the data 
registers. 
Additionally, 
the LOADA 
command 
must be used to initialize 
the state 
counter 
(Fig 
5). With this approach, 
five inputs 
remain 
for the data bus, 


limiting 
the block size to 32 words. 
An alternative 
configuration 
using 
only three 
data 
bits 


allows loading 
of the six flipflops 
in two instruction 
cycles 


DATA 
COUNTERS 


De 
::: LOAD A • 24 + 0E (OH + 0H 
. OGl + 0H 
·00 
. 0E (00 
+ DC 
+ 0e 
+ 0Al 


00 
= LOAD A . 23 + 00 (OH + 0H 
. OGI + 0H 
. 0G 100 
(DC + Os + GAl 
+ 6D . 6C ·58 . 6;,1 


DC = LOAD 
A • 22 
+ DC (OH 
+ 0H 
• <JGl + 0H 
• 0G 
[DC (Os 
+ GAl 
+ ~ 
. <1B . GAl 


Os 
= LOAD A • 2' 
+ 08 fOH + 0H 
. OGl + 0H' 
0G (OS' 
0A 
+ 68 . OAl 


0A 
::: LOAD A . 2° + 0A (OH + 0H 
• OGJ + 0H 
. 0G 
. 6A 


STATE CONTROLLER 


0G 
= lOAD 
A (OH . 6G . DTRAN$ 
+ 6H . 0G 
. HOLDA 
+ 0H 
. OG) 


0H 
= 
lOAD 
A IOH . 0G • HOLDA 
+ 0H 
. 5G 
+ 0H 
• 0G (DE + 00 
+ DC 
+- Os 
+ 0AlI 


Fig 5 
Adding program control over block 


length. 
Hardware 
configuration 
and 


Boolean expressions 
are modified to im- 


plement 
program 
control 
of data 
block 


length. Data input limitation prevents 
use 


of one register, restricting 
block length to 


32 words 


OF = 
LOAD 
8 • 22 + OF (OH + 0H 
. OGl + 0H 
• 0G 
. OF (OE + 00 
+ 0c 
+ 08 
+ 0A) 


0E 
= LOAD 
8 • 2' + 0E (iSH + 0H 
. OGl + 0H 
. 0G ( 
0E 
(00 
+ 0c 
+ 08 
+ 0A) 
+ DE . 00 
. OC . OS . OAl 


00 = LOAD S . 2° + 0DIOH 
+ 0H . OGI + 0H • 0G [00 10C + Os + 0AI + 00 . Oc . Os . 0AI 


0c 
= LOAD A . 22 + 0c IOH + 0H . OGI + 0H . 0G 10c 10S + 0AI + Oc . Os· 
0A1 


0B 
= LOAD 
A . 21 + 08 (OH + 0H 
• OGl + 0H 
. 0G 
(08' 
0A 
+ 68 . OA) 


0A 
= LOAD 
A . 2° + 0A (OH + 0H 
. OGl + 0H 
. 0G 
. OA 


Fig 6 
Extending 
block 
length. 


Additional 
modification 
in- 


creases block length to 64 words 
by using all internal registers. All 
capabilities 
of 
previous 
con- 


figuration 
have been maintained 


across both modifications 


STATE CONTROLLER 


0G 
= RESET (OH . 6G 
. DTRANS 
+ iSH . 0G 
. HOLDA 
+ 0H 
. OGl 


0H 
= RESET IOH' 0G 
. HOLDA 
+ 0H 
. 6G + 0H 
. 0G 
(OF + 0E 
+ 00 
+ 0c 
+ Os 
+ 0Al] 


by implementing 
a second load command, 
LOADB. The 
DMA 
controller 
now handles 
block 
lengths 
as long 
as 64 data 


words, and the RESET command 
can be used to initialize 
the 
state counter 
as in the original 
concept 
(Fig 6). 


"MCS·85 Users Manual," Intel Corp, Santa Clara, Calif, 1978 
J. Nissim, "DMA Controller Capitalizes on Clock Cycles to Bypass 


CPU," 
Computer 
Design, 
Jan 1978, pp 117-124 
"Programmable 
Array Logic Handbook," 
Monolithic Memories 


Inc, Sunnyvale, Calif, 1978 


Generally, 
a design approach 
and its means of implementa- 


tion should 
be complementary. 
Specifically, 
the controller 


design objectives 
are met by utilizing 
a state sequencer, 
and 


implementation 
compatibility 
is assured 
by such features 
of 


semicustom 
logic as multiple 
storage 
elements 
with internal 


feedback 
paths, 
dense 
gating 
arrays, 
and 
interconnection 


flexibility. 
The 
process 
of creating 
a state 
sequencer 
to solve 
a 
design 
problem 
results 
in a series 
of Boolean 
expressions 
that define the controller 
capability 
and the gate array that 


mu&t be effected. 
Several 
partially 
dedicated 
gating 
and 
register 
arrays constitute 
the semicustom 
logic family. After 
the most suitable 
array configuration 
is selected, 
the inter- 


connections, 
as expressed 
by Boolean 
statements, 
are com- 


pleted 
to implement 
the design. 
This creates 
a unique 
logic 
pattern 
whose 
dense 
gating 
contributes 
to 
chip 
count 


minimization. 
Design 
variations 
can be accommodated 
by 
restructuring 
the 
gating 
arrays 
with 
minimal 
hardware 
rec~nfiguration. 
Thus, 
the 
system 
can be tailored 
to the 
original 
operating 
requirements 
and yet be easily adapted 
if 


modifications 
are desired. 
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FPLA ARBITER CONCEPT ADAPTS 
TO APPLICATION 
NEEDS 


Field programmable 
logic implements efficient, easily customized arbiter 


whose versatile Boolean statement 
format 
meets numerous system 


requirements 


Cubic Corporation 


9333 
Balboa Ave, San Diego. CA 92123 


T oday's 
trends 
toward 
shared 
resources, 
multipro- 


cessing, and decentralized, 
bus oriented system organi- 


zation underscore 
the demand for arbiters that work in- 


dependently 
and 
issue grants 
according 
to predeter- 


mined 
algorithms. 
Functionally, 
a 
requirement 
for 


stable processing 
of system requests 
is created 
when 


several processors 
use a common 
device and each re- 
quests service asynchronously. 
It is the arbiter's 
task to 


issue grants for sequential 
access in accordance 
with a 


preestablished 
algorithm. 
By using a versatile Boolean 


statement 
format 
to express its algorithms, 
an arbiter 


can 
be 
customized 
to 
interface 
with 
single-array, 


multiple-array, 
and hybrid logic configurations. 
Design- 


ing arbiters 
to be flexible in implementing 
algorithms 


can help to meet the demand for cost-effective data pro- 
cessing systems and bring heretofore 
expensive, hence 


scarce, devices into wider use. 


From the system's perspective 
of the interface, 
when a 


system is ready for service from the device, it raises a re- 
quest line. The arbiter responds by issuing a grant to the 


system that clears it to conduct 
transactions 
with the 
device. Upon completion 
of service, the system drops its 


request line. The arbiter, 
in turn, cancels the grant and 
is then free to issue a grant to the next pending request. 


Stable system requests 
are necessary 
because all re- 


quests and grants are evaluated each clock period. These 
requests 
are generated 
asynchronously 
and 
are 
syn- 


chronized 
through 
a set of input latches. 
If a 2-phase 
balanced 
clock is used, with requests 
synchronized 
on 
phase 0 and grants issued or released on phase 
I, the 
maximum 
time from a system request 
for service until 


synchronization 
of that 
request 
is one clock period. 


Minimum 
time from completion 
of the transaction 
to 
release of the synchronized 
request is the system's inter- 


nal delay, as it drops the request line, plus the setup time 
of the synchronizing 
latches. 
At the completion 
of a 


transaction, 
there is a half-clock 
period, 
the time from 
phase 0 to phase I, when a unique signal combination 
exists-a 
grant issued to a system that does not have a 
synchronized 
request. During this half-period, 
all other 


synchronized 
requests are examined 
and, according 
to 


the servicing algorithm, 
the recipient of the next sequen- 


tial grant is determined. 
Then, on phase I, the existing 
(unsolicited) grant is canceled and the next grant issued. 
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Fig 1 
Arbiter circuitry. timing, end grent expres- 


sion formet. In leI. 56 to SO ere system requests. 
Letch outputs A6 to AOere synchronized requests 
thet erbiter elgorithm converts to system grents. 
G6 to GO.Unbelencedclock phesesincreese guerd 
bend ib end cl. with meximum guerd bend needing 
only one phese. Logic equetion for elgorithm ldl 
combines four subexpressions 


The sum of the requesting 
system's internal delay in 


dropping its request line, the synchronizing 
latch setup 


time, and one-half the clock period, act as a'guard band 
to ensure 
separation 
of systems 
interacting 
with 
the 


device. 
Arbiter clock frequency, 
therefore, 
is a major 


factor in determining 
guard band time. For a given ar- 


biter clock frequency, 
the guard band can be increased 


by unbalancing 
the clock, increasing 
the time between 


phase 0 and phase I to more than half the clock period. 
The limiting case occurs when the time between phase 0 
and phase I is increased until it equals the clock period. 
This makes phase 0 and phase 
I coincident, 
requires 


only a single-phase 
clock, 
and 
maximizes 
the guard 


band 
for a given clock 
frequency. 
The limiting 
case 


relies on the propagation 
delay of the latch flipflops and 


the setup time of the array logic grant flip flops to ensure 
a delay of one clock period between release of the syn 
chronized 
request 
and 
the 
associated 
grant. 
Start 


of the guard 
band signifies completion 
of the current 


transaction, 
and guard band time is used to determine 


the next grant recipient; 
then, 
at the start of the next 


clock period, 
the current 
grant 
will be canceled, 
and, 


if one or more requests 
are pending, 
the next grant 


issued. 
Octal 
0 flipflops 
(LS273) 
are used to synchronize 
the 


input requests, and a programmable 
gate array (16R8)is 


used to evaluate 
the requests 
and issue grants. 
In the 


2-phase clock, phase 0 synchronizes 
requests and phase 


I issues grants (Fig I). Both the octal flip flops and the 
logic array are 2O-pin packages. 
In addition to the clock 


and 3-state control inputs, the logic array has 8 data in- 
puts and 8 0 flipflop 
outputs. 
The 
Q output 
of each 


flipflop is inverted and buffered, 
and is a 3-state output; 


the Q output 
is returned 
to the array internally, 
where 


the 8 flipflop 
settings and the 8 data inputs are com- 


plemented 
and are available in both original and com- 


plement form at 8-input 
OR gates. There are eight OR 


gates, each forming 
the 0 input 
for one of the eight 


flipflops. 


By programming 
through fusable links, the set condi- 


tion of each flipflop is established 
from the eight data 


inputs, 
the current state of the eight flipflops, 
and the 


complements 
of both. Each flipflop's 
set condition 
can 


be represented 
as a Boolean 
expression 
of up to eight 


ORed statements. 
Each statement 
is created by ANDing 


terms drawn from the data inputs, 
the flipflop 
status, 


and 
their 
complements. 
Limiting 
parameters 
of this 


configuration 
are the 8 data inputs and the fIXed 8-term 


ORgate at the 0 input of each flipflop. 
Boolean expres- 


sions implemented 
through 
the 
programmable 
fuses 


must be true when the flipflop is to be set or maintained 
in the set state, and false when the flipflop is to be reset 
or to remain reset. 


Any 
of 
several 
servicing 
algorithms, 
expressed 
as 


Boolean statements, 
can be implemented 
with a single 


logic array that will process service requests 
for up to 


seven systems. The first two algorithms 
represent 
the 


organizational 
extremes. 
"Priority 
service" 
algorithm 


has a strict priority ranking 
from R6 to RO:a grant will 


be issued only if no higher priority system has a pending 
request. 
The other 
extreme 
is the 
"polled 
service" 


algorithm; 
here, all systems place equal demand on the 


device and are serviced through 
a rotating, 
or "round- 


robin," 
method. 
In this case, when one transaction 
has 


been 
completed, 
the 
following 
grant 
is 
issued 
in 


response 
to the next ranking 
request 
(eg, next lower 


number). Circular continuity 
is maintained 
by having R6 


follow 
ROin the granting 
sequence. 
Between the ex- 


tremes, 
algorithms 
3 and 4 represent 
hybrid organiza- 


tions. 
The 
"executive 
and 
polled 
service" 
algorithm 


allows a single, high priority executive system (R6), with 
the remaining 
systems (RS to RO)equal and polled in a 


FLPA Arbiter Concept Adapts to Application Needs 
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priority; 
R3 to RO have equal priority and are polled in a - 
circular pattern by decreasing number 
(R3 follows RO). 
In each configuration, 
the eight inputs consist of a 
RESET command and seven synchronized 
requests. Out- 
puts are the seven corresponding 
grants, 
each the set 
output of a flipflop, buffered 
and inverted. 
When ac- 
tivated, 
the 
RESET 
command 
negates all expressions, 
resetting all grant flipflops. 
After a synchronized 
re- 
quest is received, the appropriate 
expression 
becomes 
true, and the grant flipflop is set at the following clock 
edge. Upon completion of the transaction, 
the grant is 
released one clock period following the clock edge that 
terminates its synchronized request. This interval, when 
the grant is true and its synchronized 
request is false, 
denotes the completion 
of the service cycle. If one or 
more synchronized requests are pending, all expressions 
are evaluated, and, based on the servicing sequence ex- 
pressed by the Boolean 
statements, 
the next grant is 
issued. If at the completion of a grant there are no pend- 
ing requests, then all grant flipflops are reset and the 
device reverts to the idle state. 
When the device is idle, all synchronized 
requests are 
scanned each clock period. 
Detection 
of a single syn- 
chronized 
request causes a grant to be issued at the 
following clock edge. If two or more requests are syn- 
chronized simultaneously, 
the expressions must provide 
a hierarchical method for issuing the initial grant. If the 
systems are organized from highest to lowest priority, 
the issuing of an initial grant follows the same seniority 
pattern. 
However, 
if all systems polled 
are of equal 
priority, the initial grant hierarchy must be established 
arbitrarily; 
in these examples, 
the grant 
hierarchy 
is 
based on highest to lowest sequence, systems R6 to RO. 
All these factors are apparent in the Boolean statements 
that 
implement 
the various 
grant 
algorithms. 
Each 
statement is the D input of a flipflop, and when a state- 
ment is true, the corresponding 
flipflop becomes (or re- 
mains) set at the following clock edge, issuing (or main- 
taining) a grant. As grants must be issued sequentially, 
the statements must be interlocked to prevent multiple 
flipflop settings. 
The format set forth in the Boolean expressions of 
algorithms I through 4 [compare Fig I(d)] is used when 
writing all statements. 
It consists of four sections: 
a 
modifier divided into an external and an internal por- 
tion, a transfer 
expression, 
an idle expression, 
and a 
maintenance expression. 
The external modifier, 
which 
operates on the entire contents of each statement, is the 
illIT term 
ANDed 
with the appropriate 
synchronized 
request. 
This establishes 
the basic requirement 
that 
RESET not be issued-and 
that the synchronized request 
be present-to 
consider whether to issue or to maintain 
a grant. The internal modifier operates on the transfer 
and idle expressions, and is the AND of synchronized re- 
quests that must be false for a specific grant to be 
issued. Since in a complete or partial priority structure, 
the highest numbered 
system (R6) always takes prece- 
dence, the internal modifier 
for the 
G6 expression 
is 
nonexistent. 


quests-to aetermihe toe nexCSequebmu 
~illlL. 
11 vu", VI 
several simultaneous 
requests 
are synchronized 
when 
grants are not active, the idle expression, in conjunction 
with the modifiers, 
determines 
which 
grant 
will be 
issued 
according 
to 
the 
established 
priority. 
The 
maintenance 
expression, 
the set output 
of the grant 
flipflop, maintains an established grant until its external 
modifier becomes false. 
There are at least two other practical hybrid combina· 


tions: two prioritized 
systems with the remaining 
five 
polled, and four prioritized systems with the remaining 
three polled. Expressions 
for these two configurations 
can be derived from the four examples just discussed. 


The 
single-array 
configuration 
handles 
up to 
seven 
systems with a broad selection of operation 
modes and 
is suitable for a configuration 
that has a limited number 
of systems with high rates of interaction with the device. 
When there is a large number of systems that have low 
rates of interaction 
individually, it is necessary to scan 
blocks of synchronized 
requests 
rapidly 
in order 
to 
minimize 
response 
time, 
thereby 
maximizing 
device 
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Fig 2 
Multip~rray 
configuration. Each of n elements can 
serv;eesix systems arranged in circulalr lie. polled or "round- 
robin") configuration. RESETissues control to one element. 
Then. as systems are serviced. DONE and CONTROL com- 
mands pass control ~n 
among elemenu a. shown 


utilization. 
This is accomplished 
bY' using the same 


8-register programmable 
array device, with 6 of the 


registers issuing grants 
and the remaining 2 used to 


transfer the control and done commands. Devices thus 
organized become elements in a daisy chain configura- 
tion that is, in theory, infinitely expandable. Within the 
daisy chain, the element whose control flipflop is set is 
empowered to issue grants. Each element, while com- 
pleting its last transaction, clears the grant flipflop, and, 
on the same clock edge, sets the done flipflop for one 
clock cycle. (See Fig 2.) Output of the done flipflop 
serves as an inhibit command within the element, and 
externally as a transfer (XFER) command to set the con- 
trol flipflop of the next element. 


Upon receipt of control, if one or more requests are 


pending, they are evaluated and a grant is issued at the 
next clock edge; if there are no requests, the clock edge 
instead sets the done flipflop to again transfer the con- 
trol capability. Within an element, the same clock edge 
releases a completed grant and initiates a new grant, as 
was the case in the single-array configuration; 
among 


elements, there is a 2-period delay between succesive 


grants for sequencing of the done and control flipflops. 
Therefore, if the device is idle, an element that monitors 
six system requests is scanned each two clock cycles as 
the control function is sequenced through the elements. 


Since this configuration 
can be expanded to accom- 


modate servicing of numerous inputs, the elements are 
polled and equally weighted. However, within each ele· 
ment a protocol 
for responding 
to requests must be 


established; 
in these examples, 
priority 
is from the 


highest to the lowest number 
(R5 to RO). Algorithms 5 


and 
6 are variations 
of 
this 
configuration. 
In the 
"multiple-array 
polling" 
algorithm, the element retains 


control and services all requests in a declining polling se- 
quence; control is relinquished only when there are no 
remaining 
requests. 
In the "multiple-array 
priority" 


algorithm, 
requests 
are serviced in a strict order of 


declining priority (ie, decreasing request numbers), and 
control is released in the absence of requests or upon 
completion 
of a device service period when no lower 


numbered systems have pending requests. In an applica· 
tion, 
these 
two 
configurations 
can 
be 
intermixed 


because 
the 
element 
interfaces 
are 
identical. 
The 
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differences 
are within 
the elements-ie, 
the methods 


used when evaluating 
requests to issue grants and when 


generating 
the transfer 
command. 
Since only one ele- 


ment can have a set control 
flipflop and the associated 


authority 
to issue grants, 
one control 
flipflop must be 


set, and all others reset, 
during 
initialization. 
During 


implementation, 
the system start of poll (established by 


RESET) 
must be selected, 
and each element's 
control 


equation 
implemented 
accordingly. 
(See Fig 2.) 
The Boolean 
statements 
in algorithms 
5 and 6 are 


configured 
in 
the 
format 
shown 
in 
Fig 
I(d). 
In 


algorithm 
5, the external 
modifier 
has two additional 


terms, 
CONT and 
DONE, 
both establishing 
that the ele- 
ment has control. 
The remainder 
of the terms is similar 
in content to the terms in algorithm 2, and, with the ex- 
ception of the idle expression, 
also similar in concept. 


Since an element does not retain control in the idle state, 
this 
term 
instead 
establishes 
the 
initial 
grant 
upon 


receipt of the control 
function. 
Subsequent 
grants are 
issued through the transfer 
expression, 
and when all re- 


quests are satisfied, 
the done 
flipflop 
is set for one 


period, 
initiating 
a transfer 
of control 
to 
the 
next 


element. 


Single- and multiple-array 
configurations 
have limita- 
tions. 
The 
single-array 
concept 
services 
only 
seven 


systems, 
but 
offers 
flexibility 
in 
configuring 
the 


response patterns. 
Conversely, 
the multiple-array 
con- 


figuration 
can handle a large (theoretically 
unlimited) 


number 
of systems, 
but is not flexible in configuring 


response 
patterns 
because 
the control 
function 
mUST 
cycle through 
elements 
in a prescribed 
sequence. 
Ry 


restructuring 
the control 
lines, designers can intercoJ'- 


neet elements in a hierarchical 
fashion, 
both increasing 
the number 
of systems serviced and providing 
service 


flexibility. 
An example 
that consists of two elements, 


each servicing six systems, is shown in Fig 3. The two 
elements are labeled 
"upper" 
and "lower" 
to denote 


their 
relative 
priorities. 
Each 
element 
has a control 
flipflop whose output 
is an input to the other element. 


The control flipflop of the upper element is set when- 


ever it has a synchronized 
request, and is a DEMAND 
for 


control. 
The control flipflop of the lower element is set 


when it receives a demand 
and does not have an active 


grant; it is a RELEASE 
of control. 
Thus, the upper ele- 


ment 
DEMANDs 
and receives control 
when it has a re- 


quest. When all upper element requests are satisfied, the 
demand flipflop is reset and control shifts to the lower 
element by default. The control equations 
for the upper 


and lower elements are shown in Fig 3, along with the 
format 
for the grant equations 
and one sample grant 


equation 
for each element. 
Because the equations 
for 
the hybrid 
configuration 
are similar to those 
for the 
single-array 
configuration, 
the 
grant 
equations 
are 


modifications 
of those shown in algorithms 
I through 4. 


When in the idle state, the default location for control is 
in the lower element; therefore, 
the equation 
for the up- 


per element does not require an idle section. 


Efficient 
transfer 
of control 
and prevention 
of in- 


advertent simultaneous 
grant issuance during the transi- 
tion 
sequence 
are 
primary 
considerations 
in arbiter 
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Fig 3 
Hybrid configurltion, 
Two elements 
hIve 
hierarchical structure. Upper element demands 
control 
when 
request 
is 
plnding. 
thereby 


preventing lower element from issuing grants and 
gaining 
control 
when 
k>wer 
element 
becomes 


idle. Modified grlnt expression 
formlt 
Ind typicII 


grlnt 
expression 
Ippelr 
for 
elch 
element. 


Relelse 
expression 
is Iiso shown. 
Elch element 


offers full flexibility shown 
in Ilgorithms 
1 to 4 


FLPA Arbiter Concept Adapts to Application Needs 


Fig 
4 
Hybrid 
configuretion 
timing. 


Diagrem shows timing reletionship es 
control function pesses between upper 
end lower elements. At 
left. 
control 


pesses from lower element to upper 
element 
upon completion 
of 
GZ' 
In 


second sector. upper element releeses 
control end reesteblishes demend dur- 
ing sama clock period (adverse situe- 
tion). Lower element with pending re- 
quest must reinitiate release. causing 
3-period delay between grents. In two 
right sectors. upper element releeses 
control end reestablishes demend one 
clock 
period 
later. 
Lower 
element 


issues grent for its pending request end 
releeses control 
upon completion 
of 


service 
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design. Control 
equations 
and modifier 
sections of the 


grant 
equations, 
respectively. 
fulfill 
these design 
re- 


quirements. 
Three 
transitional 
sequences 
for 
hybrid 


configuration 
are 
shown 
in 
the 
timing 
diagram. 
(See Fig 4.) 


The increased desirability 
of sharing 
resources 
among 


several systems has increased the requirements 
for ar- 


biters that can function 
independently. 
Such arbiters 


enhance the profitability 
of shared resource 
data pro- 


cessing systems. A versatile Boolean statement 
format 


can 
implement 
efficient 
control 
protocol 
and 
grant 


algorithms 
in field programmable 
logic. The flexibility 


and logic density of register arrays can facilitate 
effi- 


cient custom arbiter implementation. 
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Proarammable Array Logic Leads to 
Bernard Brafman 


The 
flexible 
application 
of 
memory 
devices 
in small 
micro- 
processor 
based systems have been enhanced by the introduction 


of 8-bit 
wide 
static 
random 
access 
memories. 
These 
devices 
have 
pinouts 
and operating 
characteristics 
that are similar 
to 
those 
of 
read 
only 
and 
programmable 
read only 
memories. 


Thus, 
the 
configuration 
of 
both 
read/write 
and 
read 
only 
memories 
can be simplified 
to meet changing 
system 
require- 


ments. For example, 
this flexibility 
allows a single printed 
circuit 


board 
to 
be used 
in several 
different 
product 
configurations, 


from fixed 
program 
intensive 
(large read only memory 
require- 
ments) 
to 
data 
intensive 
(large 
read/write 
memory 
require- 


ments). 
Using 
programmable 
logic 
technology 
in conjunction 
with 8-bit 
wide 
memory 
devices adds even more flexibility 
and 
helps 
to reduce 
parts count. 


To provide 
for the simple 
substitution 
of parts, a printed 
circuit 


(PC) 
board 
must 
be developed 
that allows 
interchangeability 
among 
the 
memory 
sockets 
of 
8k-, 
16k-, 
and 
64k-memory 
devices, 
both 
random 
access 
memory 
(RAM) 
and 
program- 


mable 
read 
only 
memory 
(P/ROM), 
or 
read 
only 
memory 


(ROM). 
A method 
must 
be created 
also to define 
flexibly 
the 
addressing 
of 
these 
parts 
to 
accommodate 
varying 
address 
space requirements. 
The first task is physical 
- 
e.g., some 64k 
devices 
have 28 pins 
while 
others 
have 24 pins. To be most 


flexible, 
the PC board will have a 28-pin socket with jumpers 
to 
allow 
the 
use of 
either 
24- 
or 
28-pin 
devices. 
Socket 
inter- 


changeability 
also 
necessitates 
an examination 
of the 
timing 
requirements 
of the target memory 
devices and microprocessor, 
since differences 
exist 
in setup or prechange 
or hold times for 


address 
and 
data, 
and 
control 
signal 
interactions. 
Some 
systems 
will 
need 
additional 
gating 
or 
delays 
to 
ensure 
flexibility. 
Such timing 
information 
is easily found 
in application 


notes 
published 
by 
both 
microprocessor 
and 
memory 
manufacturers. 


The 
second 
task 
is to 
implement 
decoding 
schemes 
for 
the 
selection 
of the appropriate 
devices 
in the memory 
array. One 
method 
uses hardwired 
discrete 
logic. 
This 
alternative 
is not 
viable because high configurability 
requires 
an excessive 
use of 


space consuming 
jumpers 
and also results in unused 
logic on 


the 
PC 
board. 
Programmable 
logic, 
on 
the 
other 
hand, 
implements 
the 
requisite 
configurably 
in fuses 
on silicon, 
not 


on 
the 
PC board, 
and 
consolidates 
several 
integrated 
circuit 


(IC) 
packages 
into 
one. 


Design Tradeoffs 


The 
choices 
in programmable 
logic 
are programmable 
logic 
arrays (PLAs), P/PROMs, and programmable 
array logic (PAL®). 
PLAs must be ruled out since their 2-fuse array structure, 
while 
awarding 
some versatility, 
uses up too much board space. PLAs 
are implemented 
in 0.6 in. (1.5 cm), 28-pin packages; the job can 


be done 
with 
smaller 
0.3 in. (0.8 cm), 
16- or 20-pin 
packages 
when 
P/ROMs 
or PALs 
are used. 


While 
P/ROMs 
are frequently 
employed 
in such 
applications, 


there are compelling 
reasons to consider 
the use of PAL. First, 


any P/ROM 
with an adequate 
number 
of input 
and output 
pins 


to 
replace 
the 
required 
external 
logic 
consumes 
more 
power 


than a comparable 
PAL. For example, 
providing 
control 
signals 


for four memory 
devices requires 
four chip enables and at least 
one output 
enable signal. These signals 
must be derived from at 


least six address 
lines and generally 
three and often four control 
signals. 
In such 
a case, the programmable 
logic 
device 
must 


have ten 
inputs 
and five outputs. 
For a PROM, 
this would 
be 


an 8K, 
20 or 24-pin 
device, 
organized 
as 1Kx8. Typically, 
a 
commercial 
8K bipolar 
PROM 
has an ICC 
of 
190 
mA 
over 


temperature, 
as compared 
with 90 mA for a 10-input, 
8-output 


PAL. Even if external 
logic were employed, 
so that a 1K PROM, 


organized 
as 256x4 were 
used, the ICC 
would 
by 
typically 


130 mA over temperature. 


PALs 
are not 
susceptible 
to the 
"glitching" 
characteristics 
of 


PROMs 
during 
the 
access 
time 
from 
address. 
To 
combat 


glitching, 
the 
PROM 
must 
be 
used 
with 
registers 
or, 
if the 
control 
signals 
are active 
low only, 
open collector 
with 
pullup 


resistors 
for the outputs. 
Generally, 
a processor 
control 
signal 
or its derivative 
serves as the clock 
for the register 
or output 


enable to the PROM, an example 
of increasing 
parts count and 
costs in an attempt 
to overcome 
an implementation 
detail. While 


the technique 
usually employed 
to generate 
the fuse pattern, 
or 


programming, 
for 
PROMs 
is manual, 
a useful 
and 
uniform 
design 
tool 
exists 
for 
configuring 
PALs. 
A 
FORTRAN 
IV 


program 
called PALASM 
(for PAL assembler) 
is available on the 


National 
CSS timeshare 
network 
or as source code at no charge 


for 
any 
machine 
that 
supports 
a 
FORTRAN 
environment. 


PALASM 
converts 
logic equations 
describing 
the function 
of the 


target 
device 
directly 
into 
a 
fuse 
pattern 
format 
that 
is 


compatible 
with 
the 
several 
PROM 
programmers 
wh.ich sup- 


port 
PAL 
programming. 
This 
assembler 
allows 
simple, 
rapid, 


and complete 
design and documentation 
of PAL configurations 


in 
a 
format 
useful 
for 
communication 
between 
engineers. 


Finally, 
like 
PROMs, 
PALs 
have a masked 
counterpart, 
hard 


array 
logic 
(HAL). 
HALs 
are 
plug 
compatible 
with 
the 
cor- 
responding 
PAL, and offer significant 
cost 
reductions 
for high 
volume 
applications. 


Implementation 
Example 


A 
typical 
design 
with 
memory 
device 
interchangeability, 
is 


the 
6802 
microprocessor 
based 
instrument 
required 
to 
have 


four 
sockets 
capable 
of 
accepting 
2kx8 
static 
RAMs, 
2kx8 


erasable programmable 
read only memories 
(EPROMs), 
or 4kx8 


EPROMs. 
The 
four 
chip 
enable 
signals 
(CE1, 
CE2' 
CE3, 


and CE4 
), the comm0'2...output 
enable 
(OE), and the common 


read/write 
control 
(R/W) 
are 
compatible 
with 
the 
devices 


selected so that no special gating 
is needed. The programmable 


logic device will have as inputs the five high order address bitsA11 
through 
A15 
and the control 
signals 
VMA 
(valid 
memory 
ad- 


dress) and E (enable). While R/W may be used directly 
for write 


enable 
(WE), it is needed 
to generate 
OE. (See Fig. 1.). 


ADDRESS 
15 
12 (AO TO 
A11) 
ADDRESS 


R/W 


5 (A11 
TO 
A15) 


6802 
WE 
2kx8 
RAM 


PAL 10L8 
OR 


VMA 
OE 
2kx8 
EPROM 


CE 
OR 
E 
4kx8 
EPROM 
4 (CE1 TO CE4) 


DATA 
DATA 
8 


Fig. 
1. 6802 
based 
system. 
Block 
diagram 
outlines 
system's 
capability 
to accept 
2kx8 static 
RAMs, 2kx8 
EPROMs, 
or 4kx8 


EPROMs. 


The 
programmable 
logic 
device 
requires 
eight 
inputs 
and five 
outputs 
PAL 10L8 and PAL 12L6 meet both the input and output 
pin 
requirements. 
The 
PAL 10L8 
has 
been 
selected 
for 
this 
discussion 
because 
the three 
outputs 
are left unused 
and are 


available 
for 
logic 
replacement 
(See 
Fig. 
2.). 
Internally, 
the 
PAL 10L8 generates 
eight 2-term OR sums, each sum composed 


of two 
10-term 
AND 
products. 
Each of the 
products 
may be 


connected 
to any 
of the 
input 
signals 
or its complement 


VCC 


NC 


A11 
NC 


A12 
NC 


A13 
Oe 


eE1 


A15 
CE2 


Rffl 
CE3 


NC 
Cf4 


GND 


Fig. 
2. PAL 10L8 
pinout. 
Device 
generates 
eight 
2-term 
OR 
sums, 
each 
composed 
of two 
10-term 
AND 
products. 


While 
there 
are 81 unique 
combinations 
of the three 
memory 


devices 
in the four 
sockets, 
there are only 
16 distinct 
decoding 


schemes 
implementing 
either 
a 2k- or 4k-deep 
device in any of 
the 
four 
sockets; 
these 
16 schemes 
are set forth 
in "Address 
Ranges 
of 16 Device 
Combinations" 
See "PAL 
Design 
Speci- 
fications," 
which 
can also include 
a function 
or truth table, for a 
description 
of the arbitrary 
pinout 
shown 
in Fig. 2; this pinout 
may be altered 
simply 
by switching 
the elements 
of the pin list 


on 
line 
5 on 
both 
design 
specifications. 
Notice 
that 
the chip 


enables 
and output 
enable are inverted 
in the pin list and true in 
the 
equations. 
This 
is to 
keep 
expressions 
in 
the 
sum-of- 
products 
form 
for PALASM, 
which 
expects 
equations 
summed 
at the node before the inversion 
for active low PALs. Also, there 
are two 
unused 
inputs 
and three 
unused 
outputs 
that 
may be 


applied 
to reduce 
logic 
elsewhere 
in the system. 


.:s 
CE, 
CEJ 
CE, 
CONfiGURATION 


OOOQ.07ff 
080Q.!1ff 
IOOQ.17ff 
180Q.lfff 
21<,2k. 21<,2k 


OOOQ.07ff 
080Q.QffF 
IOOQ.17ff 
180027ff 
2k. 2k. 2k. 4k 


00OOO7ff 
0800Qfff 
IOOQ.lfff 
200027ff 
2k. 2k. 4k. 2k 
0OOOO7ff 
0800!1ff 
IOOQ.lfff 
200Q.2fff 
2k. 21<,4k. 4k 
OOOQ.07ff 
080017fF 
180Q.lfff 
200Q.27ff 
2k. 4k. 2k. 2k 
OOOQ.07ff 
080Q.I7ff 
180Q.lfff 
20002fff 
2k. 4k. 2k. 4k 


OOOQ.07ff 
080Q.17ff 
18OQ.27ff 
280Q.2fff 
2k. 4k. 4k. 2k 


OOOQ.C7ff 
080Q.17ff 
180Q.27ff 
28OQ.l7ff 
2k. 4k. 4k. 4k 


OOOQ.!1ff 
IOOQ.17ff 
180Q.lfff 
200Q.27ff 
4k.2k.2k.2k 


OOOQ.!1ff 
IOOQ.17ff 
180Q.lfff 
200Q.2fff 
41<,2k. 21<,4k 


OOOO!1ff 
IOOQ.I7ff 
180Q.27ff 
280Q.2fff 
4k. 2k. 4k, 2k 


OOOQ.Qfff 
IOOQ.17ff 
180Q.27ff 
280Q.l7ff 
4k. 2k. 4k. 4k 


OOOQ.!1ff 
IOOQ.lfff 
200Q.27ff 
280Q.2fff 
4k,4k 
2k.2k 
OOOO!1ff 
IOOQ.lfff 
200Q.27ff 
280Q.l7ff 
4k. 4k. 2k. 4k 


OOOQ.!1ff 
IOOQ.lfff 
200Q.2fff 
lOOQ.l7ff 
4k. 4k. 4k. 2k 


OOOQ.!1ff 
IOOQ.lfff 
200Q.2fff 
lOOQ.lfff 
4k, 4k, 4k. 4k 


PAL10LS 
PN100l 
ADDRESS 
DECODER 
(ElWlPLE 
1) 


MMI 
SUNNYVALE, 
CALIFORNIA 
VMA E All 
A12 
Al3 
Al4 
AlS 
RW NC 
GND 
NC ICE4 
ICE3 
ICE2 
ICEl 
IDE 
NC NC NC VCC 


CEl 
= IA1S 
* 
IA14 
* 
IAl3 
* 
IA12 
eE2 
::: IA15 
* /1\14 
•. /A13 * 
A12 
CE3 
= IA1S 
* 
IA14 
* 
Al3 
* 
IA12 
CE4 '" /A15 
* /A14 
* 
A13 * 
A12 
DE 
:z:E*RW 


*VMA*E 
I 
*VMA*E 
* 
VMA * 
E 
LOGICEQUAliONS 


*VMA*E 


DESCRIPTION 
THIS 
PART 
GENERATES 
CHIP 
ENABLES 
AND 
OUTPUT 
ENABLE 
FOR 


TWO 4k 
X 
8 
PROMS 
AND 
TWO 2k 
X 
8 
STATIC 
RAMS 
AS 
FOLLOWS: 


CE1--OOOO-OFFF 
OPERATION 
CE2--1000-1FFF 
CE3--2000-27FF 
CE4--2BOO-2FFF 


PAL10LS 
PN1002 
ADDRESS 
DECODER 
(EXAMPLE 
2) 


14MI 
SUNNYVALE, 
CALIFORNIA 
VMA E All 
A12 
A13 
AU 
1\15 
RW NC 
GND 
NC ICE4 
ICE3 
ICE2 
ICEl 
IDE NC NC 
NC VCC 


CEl 
= IA1S 
* /A14 
* 
IAl3 
* IAl2 
* /Al1 
*VMA* 
E I LQ.GICEQUAliONS 


CE2 
= IA1S 
* IAl4 
•. /A13 * fAl2 
* 
All 
*VMA* 
E 


CE3 
= IAlS 
* IAl4 
* /Al3 
* 
Al2 
* JAll 
*VMA* 
E 


CE4 
= 
IA1S 
* 
IA14 
* IAl3 
* 
A12 
* 
All 
*VMA* 
E 
+ 
IA1S 
* 
IA14 
* 
Al3 
* IAl2 
* 
All 
*VMA* 
E 
DE 
=E*RW 


DESCRIPTION 


THIS 
PART 
GENERATES 
CHIP 
ENABLES 
AND 
OUTPUT 
ENABLE 
FOR 
] 


THREE 
2k 
X 
8 
STATIC 
RAMS AND ONE 4k 
X 
8 
PROM AS 
FOLLOWS: 


CE1--OOOO-07FF 
OP£RATION 
CE2--BOOO-OFFF 
CE3--l000-l7FF 
CE4--l800-27FF 


The 
combination 
of 8-bit 
wide 
memory 
devices 
and program- 
mable array logic allows 
designers 
to implement 
highly 
flexible 


microprocessor 
based 
designs 
with 
minimal 
chip 
count 
and 


reduced 
overall 
costs. 
PALASM 
serves 
as a useful 
tool 
for 


expediting 
prototype 
cycles and documenting 
PAL designs; this 


can 
reduce 
future 
problems 
when 
changes 
must 
be made 
by 


designers 
unfamiliar 
with 
the original 
design. 
Finally, 
products 


with 
high volume 
in a specific 
configuration 
may switch 
over to 


mask programmable 
array 
logic, 
HAL, 
to reduce 
costs further. 


PAL: Quick Turnaround Alternative 
to Gate Arrays 


Shlomo 
Waser 


The first part of the paper will describe 
the PAL family including 


the second 
generation 
to be introduced 
shortly, 
and the HAL, 


which 
is a gate array 
with 
fusible 
prototype. 


The second 
part will 
address 
the PAL software 
support 
tools 


with 
emphasis 
on 
HDL 
(Hardware 
Description 
Language), 


design 
verification 
via function 
tables, simulation 
and automatic 


test vector 
generation. 


As 
the 
capability 
of the 
semiconductor 
industry 
to 
integrate 


more and more 
logic 
into a single chip, a unique 
problem 
has 


arisen; 
how 
to define 
a common 
chip 
that will 
have enough 


volume 
to justify 
the tremendous 
design 
costs associated 
with 


high degree of integration. 
Let us illustrate 
this with an example: 


Back 
in the '60s when 
the integration 
capability 
was below 
10 


gates 
per chip, 
we made quad 
NAND 
gates and similar 
SSI. 


Everybody 
that made digital 
systems 
could 
use a quad NAND 


so there 
was no volume 
problem. 
But in the '80s, we can put 
thousands 
of gates per chip and the design cost is measured 
in 
millions 
of 
dollars. 
As 
long 
as 
we 
provide 
memories 
and 
microprocessors, 
there are always enough 
customers 
that have 


common 
requirements 
to request 
large volume. 
So in the '60s, 


we don't 
have a problem 
with memories 
and microprocessors, 


but we do have a problem 
with what to do with the rest of the 


required 
components. 
Especially 
the 
components 
that 
are 


unique 
to special systems and there is no chance 
that there will 


be enough 
volume 
generated 
to justify 
the 
large design 
cost. 


One 
solution 
to the 
above 
problem 
is to 
use SSI gates and 


construct 
the desired 
function. 
This is an undesirable 
solution 


since 
it does 
not take advantage 
of the 
increased 
integration 


available 
nowadays. 


If the special 
function 
has enough 
volume, 
a custom 
design 
is 


justified 
economically, 
provided 
the long design cycle associated 


with 
custom 
is acceptable. 


There 
is a big void 
between 
the undesirable 
SSI solutions 
and 
the uneconomical 
custom. 
This void is now being addressed 
by 


semi-custom 
approaches. 
Three 
semi-custom 
approaches 
are 


generally 
available 
(in increasing 
order 
with 
gate densities): 


1. Fuse programmable 
logic 
(PAL, 
FPLA, and 
PROM) 


2. Gate Arrays 


3. Standard 
Cells 


It is estimated 
that by 1990, half of the semiconductor 
market 
will be made of programmable 
system components. 
This paper 
will 
focus 
on only 
the PAL approach 
to semi-eustom, 
but will 
compare 
the 
PAL to other 
alternatives. 


The PAL Family 
The First Generation: PAL20 


The 
PAL 
is an abbreviation 
for 
Programmable 
Array 
Logic. 


The 
PAL 
was 
invented 
and 
patented 
by 
John 
Birkner 
of 
Monolithic 
Memories, 
Inc. The family 
is made of 15 different 


parts. All are housed 
in 20-pin DIP, and are fuse programmable 


by the user. Of the 15 different 
parts, 9 are combinatorial 
and 6 


are registered 
for sequential 
operations. 
Figure 
1 illustrates 
the 
use of a combinatorial 
PAL to periorm 
address 
decoding 
in a 


typical 
microprocessor 
system. 


Each 
PAL is made 
of one or more 
of the following 
cells: 


• 
AND-OR/NOR 
cell used for combinatorial 
logic (Figure 2) 


• 
Registered 
cell with internal 
feedback. 
Used to implement 


sequential 
logic 
(Figure 
3). 


• 
Programmable 
I/O 
cells 
enable 
the user to dynamically 


change 
the 
pin function 
from 
input 
to output 
and 
vice 


versa 
This 
feature 
is 
very 
useful 
for 
bidirectional 
communication 
(Figure 
4). 


Figure 5 is a general block diagram 
of a state machine 
The state 


of the 
machine 
is determined 
by the 
contents 
of the output 


register while the next state is a function 
of the present state and 
some 
input 
variables. 
Figure 
6 depicts 
the 
implementation 
of 
this classic structure 
by a registered 
PAL. Note that the present 


state information 
is fed back to the combinatorial 
network 
via 


the internal 
feedback, 
thus conserving 
the use of precious 
pins. 
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The PAL24 is an evolution of the PAL20 and similarly has 
combinatorial and registered parts.However,in thecombinatorial 
circuits, it is now possible to decode simultaneously up to 20 
inputs. The registered parts now have as many as 10 outputs, 
but the important thing to note about the architecture of the 
registered part is the addition of a new cell: "AND-OR-EXOR" as 
illustrated 
in Figure 7. The significance of the cell is for 
implementing various types of counters. Figure 8 shows the 
logic diagram for the PAL20X8that can be easily programmed 
to implement an octal counter. 


The most critical parameter for the PAL performance is the 
propagation delay for the combinatorial cells and the set-up 
time for the registered cells. These two parametersare equal in 
the PAL family and are listed below as function of time: 


These numbers are worst case for commercial temperature and 
supply ranges. Add 5 ns to get the worst case numbers for 
military temperature and supply. 


PAL - 
Industry Standard 


The PAL has been accepted as an industry standard and is 
being manufactured under license by National Semiconductor 
(NSC). In addition, it was announced by Texas Instruments (TI). 
It is very significant to note that TI and NSC,who are the leaders 
in the TTL market have recognized that PAL will eventually 
replace the present TTL. The PAL20was adopted by the JEDEC 
42.1 Committee as a de facto standard and it further proposed 
that the PAL24 be also adopted. 


The HAL to a PAL is the same as a ROM to a PROM. Instead of 
having a fuse mask, a metal mask is used. This technique 
reduces the PAL price almost by a factor of two. The HAL is 
similar to a gate array. Both are customized in the last 
fabrication stage by applying a unique metal mask to otherwise 
standard wafer. However, the HAL is the only gate array in the 
market with a fusible prototype. 


PAL Advantages Over SSI/MSI 


The PAL can replace from 4-10 SSI/MSI and consequently it 
reduces the board space required for a function. 
It also 


increases reliability by moving the interconnections from the 
less reliable PC solder connections to the silicon chip. Since the 
PAL is programmable,it expeditesthe prototyping and debugging 
process as compared to conventional SSI/MSI. Last but not 
least, is the PAL security fuse which makes it impossible to copy ~ 
the contents of a PAL. 
a.:.- 


PAL vs Gate Arrays 


Gate arrays typically have higher gate density than a PAL. 
However, they have several drawbacks. The turn-around time 
for gate array is 2-4 months for the first silicon and typically two 
iterations are required to get a completely functional unit. Thus, 
the actual turn-around time is 4-8 months. By contrast, a PAL 
can be programmed in a few minutes and if several iterations 
are required, the total turn-around time is still measured in 
hours, not in months. Even if a customer selects to go with HAL 
(which has a turn-around time similar to gate arrays), he still 
does not lose time since he can use the PAL as his fusible 
prototype to build the first systems. 


Gate array development cost is estimated to be $20-$50K per 
circuit, this compared with lessthan $1K for HAL mask charges 
or nothing if only PAL is used. 


Finally, at the time of writing this paper, the PAL is multi- 
sourced while gate arrays are single sourced. 


Both approaches use AND array followed by OR array. In the 
FPLA, both arrays are programmable while in the PAL, only the 
AND array is programmable. The FPLAapproach isacademically 
more flexible but in practicality this flexibility costs time delay 
and power dissipation. The PAL with its programmable AND 
array is an engineering trade-off, since the majority of the TTL 
applications can be implemented by the single programmable 
array while increasing speed and saving power dissipation. 


PROMs Complements the PAL 


In few applications, we find that the PAL does not havesufficient 
product-terms 
to 
implement a certain function 
(especially 
arithmetic functions). In cases like this, the PROM has a clear 
advantage since it has all possible product-terms for a given 
number of inputs. For example: to build a 4x4 multiplier, only 8 
inputs and 8 outputs are required; but the number of product 
terms is more than the 8 available in PAL. Thus, a 256x8 PROM 
can be used to implement this multiplier (since a 256 words 
PROM has 8 address lines). 


PAL Design Specifications 
Motivation 


The PAL design specifications serve two functions which are 
very critical to any user who customizes his own chip: 


(a) Documenting the 
customized function 
on 
a com- 


puterized data sheet form so that retrieving and updating 
are easily accomplished. 


(b) Automating the design process, i.e.,only logic equations 
are necessary in specifying a new function. The transla- 
tion of these logic-equations to physcial fuse pattern 
should be transparent to the user. 


The Specifications 


The following items constitute the total specs: 


• PAL part number 


• Heading on user and function 


• Pin list 


• Logic equations 


• Function table (optional) 


• Description (optional) 


Let us illustrate these specs by going though an example of a 
24-pin PAL which is customized as an octal counter. This octal 
synchronous counter can perform 4 operations. Each operation 
is selected by a two bit code: 


11 
10 


0 
0 
Clear 


0 
1 
Hold 


1 
0 
Load 


1 
1 
Increment 


The counter has 8 data outputs which are called, "QO"through 
"QT' and 8 data inputs which are called "DO" through "DT', 
where "DO" is the LSB. 


So now we are ready to go through the detailed specifications. 
The first 4 lines are specified in the following way: 


• Line 1 specifies that the device is PAL20X8 


• Line 2 specifies user part number 


• Line 3 is the device application name 


• Line 4 is the user's company name, city and state 


PAL20X8 
74LS461 
OCTAL 
COUNTER 


MMI 
SUNNYVALE, 
CALIFORNIA 


PAL 
DESIGN 
SPECIFICATION 


BIRKNER/KAZMI/BLASCO 
02/10/81 


PAL: Quick Turnaround Alternative to Gate Arrays 


• 
Line 5 is the beginning 
of the pin list. In our case there are 
24-pins: 


Pin 1 is the clock 
pin called 
"eLK" 


Pin 2 is a select 
line called 
"10" 


Pin 3 is the LSB of the input 
called 
"DO," and so forth. 


CLK 
10 DO D1 D2 D3 D4 D5 D6 D7 
II GND 


/OC /CO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO /CI VCC 


/QO:= 
/Il*/IO 
+ 
10 * /QO 
:+: 
11*/10 * /DO 
+ 
Il* 10 * CI 


/Q1:= 
/Il*/IO 
+ 
10 * /01 


:+: 
11*/10 * /D1 
+ 
11* 10 * CI*QO 


/Q2:= 
/Il*/IO 
+ 
10 * /Q2 
:+: 
11*/10 * /D2 
+ 
11* 10 * CI*QO*Q1 


/Q3:= 
/Il*/IO 


+ 
10 * /Q3 
:+: 
11*/10 * /D3 
+ 
11* 10 * CI*QO*Q1*Q2 


/Q4:= 
/Il*/IO 
+ 
10 * /Q4 
:+: 
11*/10 * /D4 
+ 
11* 10 * CI*QO*Q1*Q2*Q3 


/Q5:= 
/Il*/IO 
+ 
10 * /Q5 
:+: 
11*/10 * /D5 
+ 
11* 10 * CI*QO*Q1*Q2*Q3*Q4 


/Q6 
:= 
/Il*/IO 
+ 
10 * /Q6 
:+: 
11*/10 * /D6 
+ 
11* 10 * CI*QO*Q1*Q2*Q3*Q4*Q5 


/Q7:= 
/Il*/IO 
+ 
10 * /Q7 
:+: 
11*/10 * /D7 
+ 
11* 10 * CI*QO*Q1*Q2*Q3*Q4*Q5*Q6 


;CLEAR LSB 
;COUNT/HOLD 
;LOAD DO 
(LSB) 
;COUNT 


;CLEAR 
;COUNT/HOLD 
;LOAD D1 
;COUNT 


;CLEAR 
;COUNT/HOLD 
;LOAD D2 
;COUNT 


;CLEAR 
;COUNT/HOLD 
;LOAD D3 
;COUNT 


;CLEAR 
;COUNT/HOLD 
;LOAD D4 
;COUNT 


;CLEAR 
;COUNT/HOLD 
;LOAD D5 
;COUNT 


;CLEAR 
;COUNT/HOLD 
;LOAD D6 
;COUNT 


;CLEAR MSB 
;COUNT/HOLD 
;LOAD D7 
(MSB) 
;COUNT 


;CONTROL 
;CLK IOC 
INSTR 
Il 
IO 


-INPUT-- 
DDDDDDDD 
76543210 
CARRY 
ICI 
ICO 


-OUTPUT- 
QQQQQQQQ 
76543210 
COMMENTS 
(HEX VALUES) 


;BASIC LOAD TEST AND INCREMENT-WITH-CARRY 
TESTS 
C 
L 
H 
L 
LLLLLLLH 
X 
H 
LLLLLLLH 
LOAD 
(01) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHL 
INCREMENT 
C 
L 
H 
L 
LLLLLLHH 
X 
H 
LLLLLLHH 
LOAD 
(03) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHLL 
INCREMENT 
C 
L 
H 
L 
LLLLLHHH 
X 
H 
LLLLLHHH 
LOAD 
(07) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLHLLL 
INCREMENT 
C 
L 
H 
L 
LLLLHHHH 
X 
H 
LLLLHHHH 
LOAD 
(OF) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLHLLLL 
INCREMENT 
C 
L 
H 
L 
LLLHHHHH 
X 
H 
LLLHHHHH 
LOAD 
(IF) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLHLLLLL 
INCREMENT 
C 
L 
H 
L 
LLHHHHHH 
X 
H 
LLHHHHHH 
LOAD 
(3F) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LHLLLLLL 
INCREMENT 
C 
L 
H 
L 
LHHHHHHH 
X 
H 
LHHHHHHH 
LOAD 
(7F) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
HLLLLLLL 
INCREMENT 
C 
L 
H 
L 
HHHHHHHH 
L 
L 
HHHHHHHH 
LOAD 
(FF) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLLL 
INCREMENT 
(ROLL OVER) 
;COMPLEMENT LOAD TESTS 
C 
L 
H 
L 
HHHHHHHH 
L 
L 
HHHHHHHH 
LOAD 
(FF) 
C 
L 
H 
L 
HHHHHHHL 
X 
H 
HHHHHHHL 
LOAD 
(FE) 
C 
L 
H 
L 
HHHHHHLH 
X 
H 
HHHHHHLH 
LOAD 
(FD) 
C 
L 
H 
L 
HHHHHLHH 
X 
H 
HHHHHLHH 
LOAD 
(FB) 
C 
L 
H 
L 
HHHHLHHH 
X 
H 
HHHHLHHH 
LOAD 
(F7) 
C 
L 
H 
L 
HHHLHHHH 
X 
H 
HHHLHHHH 
LOAD 
(EF) 
C 
L 
H 
L 
HHLHHHHH 
X 
H 
HHLHHHHH 
LOAD 
(DF) 
C 
L 
H 
L 
HLHHHHHH 
X 
H 
HLHHHHHH 
LOAD 
(BF) 
C 
L 
H 
L 
LHHHHHHH 
X 
H 
LHHHHHHH 
LOAD 
(7F) 
C 
L 
H 
L 
HHHHHHHH 
L 
L 
HHHHHHHH 
LOAD 
(FF) 
;SHORT COUNT SEQUENCE - CONSECUTIVE 
COUNTS 
C 
L 
L 
L 
XXXXXXXX 
X 
H 
LLLLLLLL 
CLEAR 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLLH 
INCREMENT TO 
(01) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHL 
INCREMENT TO 
(02) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLLHH 
INCREMENT TO 
(03) 
C 
L 
H 
H 
XXXXXXXX 
L 
H 
LLLLLHLL 
INCREMENT TO 
(04) 
;COUNT HOLD CHECK - CO GATING CHECK 
C 
L 
H 
L 
HHHHHHHL 
X 
H 
HHHHHHHL 
LOAD 
(FE) 
C 
L 
H 
H 
XXXXXXXX 
L 
L 
HHHHHHHH 
INCREMENT TO 
(FF) ICO=L 
C 
L 
H 
H 
XXXXXXXX 
H 
H 
HHHHHHHH 
CI INHIBITS COUNT AND CO 
C 
L 
L 
H 
LLLLLLLL 
L 
L 
HHHHHHHH 
HOLD SEL INHIBITS COUNT ONLY 
C 
L 
H 
H 
HHHHHHHH 
L 
H 
LLLLLLLL 
INCREMENT TO 
(00) 
;TEST OUTPUT CONTROL 
(/OC) FOR THREE-STATE 
OUTPUTS 
X 
H 
X 
X 
XXXXXXXX 
X 
X 
ZZZZZZZZ 
TEST HI-Z 


Finally, it is highly recommended that a description be a part of 
this computerized data sheet. 


THIS 
IS AN 
8-BIT 
SYNCHRONOUS 
COUNTER 
WITH 
PARALLEL 
LOAD, 
CLEAR, 
AND 
HOLD 
CAPABILITY. 
THE 
LOAD 
OPERATION 
LOADS 
THE 
INPUTS 
(D7-DO) 
INTO 
THE 
OUTPUT 
REGISTER 
(Q7-QO). 
THE 
CLEAR 
OPERATION 
RESETS 
THE 
OUTPUT 
REGISTER 
TO ALL 
LOWS. 
THE 
HOLD 
OPERATION 
HOLDS 
THE 
PREVIOUS 
VALUE 
REGARDLESS 
OF CLOCK 
TRANSITIONS. 
THE 
INCREMENT 
OPERATION 
ADDS 
ONE 
TO THE 
OUTPUT 
REGISTER 
WHEN 
THE 
CARRY-IN 
IS 
TRUE 
(/CI=L), 
OTHERWISE 
THE 
OPERATION 
IS A HOLD. 
THE 
CARRY-OUT 
(/CO) 
IS TRUE 
(/CO=L) 
WHEN 
THE 
OUTPUT 
REGISTER 
(Q7-QO) 
IS ALL 
HIGHS, 
OTHERWISE 
FALSE 
(/CO=H). 


THESE 
OPERATIONS 
ARE 
EXERCISED 
IN THE 
FUNCTION 
TABLE 
AND 
SUMMARIZED 
IN THE 
OPERATIONS 
TABLE: 


H 
X 
X 
X 
X 
X 
Z 
HI-Z 
L 
C 
L 
L 
X 
X 
L 
CLEAR 
L 
C 
L 
H 
X 
X 
Q 
HOLD 
L 
C 
H 
L 
X 
D 
D 
LOAD 
L 
C 
H 
H 
H 
X 
Q 
HOLD 
L 
C 
H 
H 
L 
X 
Q PLUS 
1 
INCREMENT 
-------------------------------------------------- 


PALASM is a software which translatesthe LOGIC EQUATIONS 
to a fuse pattern. The output of the PALASM is in a format 
compatible with either a PAL or a PROM programmer. The user 
needs to specify only his "block-box" description and the 
programmer will blow the corresponding fuse pattern. 


PALASM also uses the FUNCTION TABLE to perform two 
critical operations for the semi-eustom user: 


• Design Verification - 
Each entry of the FUNCTION 
TABLE is checked against the logic equations and any 
inconsistency is flagged as an error. 


• Test Vectors - 
Each entry of the FUNCTION TABLE is 
translated to a universal test vector, so there is a way of 
testing the customized PAL once it is fabricated 


PALASM is written in FORTRAN IV and it resides on an IBM 
370/168. Users can access the program by calling the NCSS 
time-share network. Additionally, Monolithic Memories makes 
the source code of PALASM available to users at no cost. 
PALASM is presently running on quite a few computers at 
customer sites. Several examples of such computers are the 
DEC PDP/11, DG NOVA, HP2100,MDS800,and many others. 


An example of the test-vectors generated from the FUNCTION 
TABLE of the octal counter is given at right: 


1 COI0000000IXOHLLLLLLLHX1 
2 C1XXXXXXXX1XOHLLLLLLHLOI 
3 COII000000IXOHLLLLLLHHXl 
4 CIXXXXXXXXIXOHLLLLLHLLOI 
5 COll100000IXOHLLLLLHHHXl 
6 C1XXXXXXXX1XOHLLLLHLLLOI 
7 COIIII0000IXOHLLLLHHHHXl 
8 CIXXXXXXXXIXOHLLLHLLLL01 
9 COlll110001XOHLLLHHHHHXl 
10 CIXXXXXXXX1XOHLLHLLLLLOI 
11 COIIIIII00IXOHLLHHHHHHXl 
12 CIXXXXXXXXIXOHLHLLLLLLOI 
13 C01l111110IXOHLHHHHHHHX1 
14 CIXXXXXXXXIXOHHLLLLLLLOI 
15 COl1111111IXOLHHHHHHHHOI 
16 C1XXXXXXXXIXOHLLLLLLLLOI 
17 COl1ll1lll1XOLHHHHHHHHOI 
18 COOl111111IXOHHHHHHHHLX1 
19 COI01IIIIIIXOHHHHHHHLHXl 
20 COII011111IXOHHHHHHLHHXl 
21 COIII01111IXOHHHHHLHHHXl 
22 C011II0111IXOHHHHLHHHHX1 
23 COIIIII0IIIXOHHHLHHHHHXl 
24 COIIIIII0IIXOHHLHHHHHHXl 
25 C011IIIII0IXOHLHHHHHHHXl 
26 COIIIIIIIIIXOLHHHHHHHHOI 
27 COXXXXXXXXOXOHLLLLLLLLXl 
28 CIXXXXXXXXIXOHLLLLLLLHOI 
29 CIXXXXXXXxlxOHLLLLLLHLOI 
30 CIXXXXXXXXIXOHLLLLLLHHOI 
31 CIXXXXXXXXIXOHLLLLLHLLOI 
32 COOIIIIIIIIXOHHHHHHHHLX1 
33 C1XXXXXXxxlxOLHHHHHHHHOI 
34 CIxxxxxxxxlxOHHHHHHHHHl1 
35 CI000000000XOLHHHHHHHH01 
36 CIIIIIIIIIIxOHLLLLLLLLOI 
37 XXXXXXXXXXXXlXZZZZZZZZX1 


Testability 


The test vectors which 
resulted from the FUNCTION 
TABLE are 
referred 
to as basic test vector and they indeed 
guarantee 
that 
the part is functioning 
according 
to each entry in the FUNCTION 
TABLE. 
However, 
to 
increase 
the 
confidence 
level 
that 
the 
device 
will 
not 
"misbehave" 
(when 
unspecified 
inputs 
are 
applied) 
it is necessary 
to 
insure 
that 
all nodes 
are toggled 


during 
the testing. 
Monolithic 
Memories 
has an automatic 
test- 


vector 
generation 
program 
which 
is 
used 
to 
test 
HAL, 
the 
software 
uses the basic 
test-vectors 
as seed vector 
and from 
there 
it iteratively 
adds 
more 
test vectors 
until all nodes 
have 
been toggled. 


It is important 
to note that for testability 
it is always necessary to 
have an initiallization 
mechanism, 
e.g., in the octal counter 
when 


10 = 11 = 0, the counter 
is cleared 
to all zeros. 


In general, the PAL and HAL are programmed 
according 
to user 


specifications. 
However, 
as 
an 
aid 
to 
customers, 
we 
make 
certain 
dedicated 
24-pin 
HAL. 
For example: 


• 
Octal 
Counter 


PAL and the Military 
Bipolar Technology 


The 
PALs 
are fabricated 
using 
bipolar 
Schottky 
technology 
which 
has been 
proven 
to be much 
more 
reliable 
at extreme 
temperatures 
than 
the 
MOS 
technology. 
The 
PAL 
is being 
programmed 
by 
blowing 
TiW 
fusible 
links 
which 
has proven 


reliability 
on PROMs. 
The fusible 
link technique 
is much 
more 
reliable 
than 
the 
EPROM 
or 
EEPROM 
which 
use a stored 
charge 
that leaks with time and has a questionable 
operation 
at 
the military 
temperature 
range. 


Low-volume 
requirement 
has been a continuous 
problem 
to the 
military 
market 
place, but with 
PALs obviously 
the low-volume 
requirement 
can be satisfied 
by customizing 
as little as one Chip 
at a time. 


Anytime 
the demand 
for 
ICs exceeds 
the available 
supply, 
the 
semiconductor 
manufacturer 
stops producing 
the least profitable 


ICs. As the labor cost increases 
and the silicon 
cost decreases, 


SSI/MSI 
devices 
(which 
are 
labor 
intensive) 
are 
the 
first 
to 
become 
obsolete. 
With 
the fast turn-around 
time 
of the 
PAL. 


These 
TTL 
devices 
can 
be quickly 
reduced 
by PAL. 


Leadless Packages 


The 
PAL 
is also 
available 
in the 
space 
saving 
lead less chip 
carriers 
(LLC). 
These 
carriers 
are made according 
to JEDEC 
outline 
(Type 
B) 
with 
50 
mil 
centers 
and 
75 
mil 
package 


thickness. 
The 20-pin 
LCC is 350x350 
mils and occupies 
only 
40% of the space 
required 
by the equivalent 
of 20-pin 
DIP. 


Military Processing 


PALs, 
like 
all 
other 
Monolithic 
Memories' 
products, 
can 
be 
processed 
to meet the HI-REL 
requirements 
of MIL-STD-883B. 


This 
processing 
is available 
for 
both 
LCC 
and 
DIP packages 
and also for dice where 
they are visually 
inspected 
by method 
2010B and are shipped 
in a standard 
waffle 
pack. 


The PAL family 
is already 
a valuable 
semi-eustom 
approach 
in 
the commercial 
market 
place. It will even be more valuable 
to 


the military 
market 
that has been looking 
for a solution 
to the 
problem 
of low-volume 
requirement. 


The PAL, which 
is implemented 
in bipolar 
technology, 
presents 
a 
high 
reliability 
programmable 
solution 
to 
the 
demanding 
needs of the 
military 
market. 


High Speed/Low Cost Fuse Link Arrays 


Compete with TTL 74S/LS 
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Random 
Logic 
has remained 
virtually 
impenetrable 
by today's 
state of the art LSI technology 
This fact is 
dramatically 
evidenced 
by the high percentage 
of TTL 
74S/LS 
logic 
found 
in 
currently 
introduced 
small 
board 
computers 
based 
on 
MOS 
microprocessors, 
and also high performance 
minicomputers 
based on 
bipolar 
bit slice chip sets. 


LSI 
has 
vastly 
reduced 
the 
well 
defined, 
regular 


logic 
functions 
found 
In these systems 
because of the 
wide appeal, thus, high volume and low cost. When the 
regular 
functions 
are applied 
to the specific 
needs of a 
particular 
systems 
manufacturer, 
however, 
individual 
interfacing 
requirements 
demand 
additional 
logic not 
available 
in LSI functions. 
The present 
solution 
is to 
use standard 
SSI/MSI 
logic functions 
at a high cost in 
chip 
count, 
assembly/test 
labor 
and reliability. 


To answer the need for LSI Random 
Logic, a family 
of fuse Programmable 
Array Logic 
devices 
,PAL, 
has 
recently 
been introduced. 
This family 
meets 1he speed 
requirements 
of competing 
TTL SSI/MSI 
with typical 
25ns 
propogation 
and 
set up delays 
while 
reducing 


chip 
count 
4 to 1. 


Total 
system 
cost 
using 
PALs is comparable 
with 
SSI/MSI, 
yet 
design 
time 
and 
inventory 
costs 
are 
reduced. 
The 
15 
part 
family 
utilizes 
the 
latest 


improvements 
in 
bipolar 
Schottky 
fusible 
link 
technology 
with the proven 
reliability 
track record 
of 
bipolar 
PROMs. Titanium-tungsten 
fuses and emitter 
follower 
arrays 
are used to achieve 
the 25ns delays 
through 
three 
levels of logic. 


DEFINING 
THE 
PROBLEM 
Increasing 
the logic function 
density 
per chip is the 
name of the game 
in the integrated 
circuit 
industry. 
The standard 
procedure 
is to identify 
a logical 
block 
which 
is common 
to many applications 
and users, and 
then 10 integrate 
that function 
onto a single chip. The 
problem 
with 
integrating 
the 
random 
and 
irregular 
functions 
which 
are 
so prevalent 
in today's 
digital 
systems 
is to identify 
a common 
denominator 
which 
can provide 
a generalized 
solution 
that meets cost and 
performance 
goals. 


A Decade 
of TTL 
The growth 
of TTL SSI/MSI 
during 
the last decade 
provides 
a wealth 
of knowledge 
about 
the elements 
that 
designers 
need 
to 
build 
digital 
systems. 
This 
family 
of 
devices 
was 
defined 
by 
many 
users 
and 
manufacturers 
over many years and is, therefore, 
an 
evolutionary, 
emperical 
data base from which we can 
extrapolate 
generalized 
logical 
primalives 
for 
LSI 
implementation. 


The Primitives 


SSI/MSI 
functions 
can 
be 
classified 
as 
either 
combinatorial 
or sequential. 
Combinatorial 
includes 


the basic gates, AND-OR-INVRT 
gates, Multiplexors, 


de-multiplexors 
and priority 
encoders. 
More complex 
combinatorial 
includes 
arithmetic 
functions 
such 
as 
comparitors, 
adders, 
and 
ALUs. 
The 
common 
denominator 
among 
the 
simple 
combinatorial 
elements 
is 
the 
sum 
of 
products. 
An 
additional 
primative 
in the arithmetic 
elements is a high density of 
Exclusive-ORs. 


Sequential 
includes 
all 
the 
registered 
functions 
such 
as counters, 
shift 
registers, 
registered 
multi- 
pliexors, 
accumulators, 
and registered 
encoders. 
The 
common 
denominator 
of these sequential 
elements 
is 
a register 
driven 
by a combinatorial 
element 
whose 
inputs are both external 
and internal 
from the register. 


All 
of the 
sequential 
devices 
may 
be described 
as 
simple 
state machines. 


Both the combinatorial 
and the sequential 
functions 
may 
have the 
optional 
characteristic 
of three-state 
outputs. 
That 
is, 
the 
output 
function 
may 
be 
disconnected 
as 
a driving 
source 
by 
placing 
the 
outputs 
in a high impedance 
state (High-ZI 


High Speed/Low Cost Fuse Link Arrays 


Definition 
of Terms 


Before 
we can 
rigorously 
define 
the basic 
logical 
primitives, 
we first 
need 
a precise 
language 
which 


unambiguously 
describes 
the transfer 
functions. 


Definitions: 


Equality, 
after the propogation 
time, tpo, from any 


input 
change. 


Replaced 
by, after 
the 
propogation 
delay, 
tpo, 
from 
the low to high 
transition 
of the clock. 


IF 
Conditional 
Equality, 
after the propogation 
delay, 
tpo, from the enabling 
condition. 
Otherwide, 
high 


impedance 
IHigh-ZI. 


Complement, 
Boolean operator, 
placed 
to the left 


of a Boolean 
variable. 


AND, 
Boolean 
operator. 


+ 
OR, Boolean 
operator. 


:+: 
XOR, Boolean 
operator. 


() 
Parenthetical 
separators. 


hierarchical 
order I • + :+: 


where I is evaluated 
first. 


Given 
these definitions, 
we can formulate 
rigorous 
logical 
descriptions 
of standard 
SS/IMSI 
functions. 


Rigorous 
Statement 
of Primitives 


We can now state, in equation 
form, 
a generalized 


set of equations 
suitable 
for LSI implementation. 


For an input 
vector 
X and 
an output 
vector 
Y, a 


combinatorial 
function 
is described 
as, 


where f is Boolean 
sum of products 
transfer 
function. 


A three state combinatorial 
function 
is described 
as, 


'1""~' 


A sequential 
function 
is described 
as, 


Y:= 
fiX, 
YI 


IF,EIYl=Y 


Combining 
sequential, 
combinatorial 
and 
three- 


state we now have, 


IF I f'IX, 
YI ) Z = f21X, YI 


Y: = f31X, 
Y, 


IF,EI 
Y'=Y 


The 
above 
generalized 
Boolean 
functions 
are 
a 
super 
set 
of 
virtually 
all 
of 
the 
standard 
SSI/MSI 
functions. 


For 
an 
LSI 
implementation 
to 
provide 
a better 


solution 
than 
existing 
SSI/MSI 
it 
must 
meet 
the 


following 
requirements: 


1. Reduce 
package 
count 


2. Match 
or improve 
performance. 


3. Reduce 
System 
Cost. 


The 
Programmable 
Array 
Logic 
I PAll 
family 
was 


designed 
to meet these requirements. 


COMBINATORIAL EXAMPLE: 


4 to 1 Mux with three-state 
Outputs 
(74LS253) 


IF( I1G) 
1Y = IA' 
IB'1CO 
+ 


A'/B'1C1 
+ 
IA'B'1C2+ 


A' B'1C3 


IF( 12G) 
2Y = IA'/B'2CO 
+ 


A'/B'2C1 
+ 


IA·B·2C2 
+ 


A·B·2C3 


SEOUENTIAL EXAMPLE: 


4 BIT UP/OOWN COUNTER (74LS169) 


EOUATIONS: 


OA: = LOAO'A 
+ ILOAOoOA :+: 


ILOAOopoT 
OB : = LOAOoB + ILOAO' OB :+: 


ILOAOoP-T'UO'OA 
+ 
ILOAO- poT IUO '/OA 
OC : = LOAOoC + ILOAO-OC 
:+: 


ILOAOoP·T·UO·OA·OB 
+ 


ILOAO-P'T'/UO'/OA' 
lOB 
00: 
= LOAO-O + ILOAO-OO 
:+: 


ILOAO-P·T·UO*OA*OB·OC 
+ 


ILOAO- poT */UO*/OA 
*/OB */OC 
ICARRY = T-UO-OA'OB'OC'OO 
+ T*/UO' 


10A-/OB*/OC'/OO 


THE PROGRAMMABLE 
LsHf6t~-rcr6W.••,IILow Cost FtHt;~•... 
~~&r.I~J;, 


A family 
of 15 PAL devices 
are manufactured 
by 
The basic combinatorial 
cell implements 
the sum of 


Monolithic 
Memories, 
Inc. which 
provide 
a range 
of 
products 
over a range of Input-output 
pin ratios. 
All 
logic 
functions 
including 
combinatorial, 
three-state, 
combinatorial 
output 
drivers 
conform 
to 
the 
Low 
sequential, 
and 
arithmetic 
sequential 
The 
TTL 
Power 
Schottky 
TTL 
electrical 
characteristics 
for 


devices 
utilize 
a platinum 
Silicide 
Schottky 
process 
totem pole drivers. 
e.g .. IOL = 8mA. 


and 
Titanium 
Tungsten 
fuse 
links 
to form 
a single 


programmable 
emitter 
follower 
AND 
array 
which 
drives a fixed 
OR array as shown 
in Figure 
4. 


The AND-OR 
array is described 
logically 
by a 


distributed 
AND gate symbol 
to facilitate 
ease of 
drawing. 
Conventional 
AND symbol 
with single 


input 
rail where X indicates 
a diode 
and a fuse.' 


Programmable 
1/0 


A 
more 
complex 
combinatOrial 
cell 
Incorporates 


three-state 
drivers 
where 
the 
enable 
function 
IS 


programmable. 
This allows a pin to be allocated 
as an 
input. 
an output, 
or dynamically 
1/0. 
All three-state 
outputs 
are designed 
to meet the Low Power Schottky 


TTL three-state 
bus standard 
of 24mA 
IOL. 


Registered 
Feedback 
Cell 
A D-type 
Register 
at the output 
of a combinatorial 


cell forms the state machine 
primative. 
This cell can be 
used to implement 
regular 
state 
sequences 
such 
as 
count 
and shift, but more importantly, 
it can be used to 


Implement 
random 
state sequences 
not available 
as 


standard 
functions. 


High Speed/Low Cost Fuse Link Arrays 


Arithmetic 
Cell 


The 
most 
complex 
at 
the 
PAL 
cells 
Includes 
an 
exclusive 
OR and a gated feejback 
to implement 
basIc 
arithmetic 
operations 
such as greater 
than, less than. 


add and subtract 


The 
reglsfer 
forms 
an 
accumulator 
while 
the 
comb.natorlal 
network 
forms 
an ALU. 


Structured 
Pinouts 


The 15 PALs are packaged 
In the popular 
20 pin 300 


mil wide S'<lnny DIP'· 
Input 
pins are generally 
to the 
!eft while output 
pins and 1/0 
pinS are to the right. This 


feature 
conveniences 
PC board 
layout 
and allows the 


P,nout'Loglc 
Symbol 
to 
be a Block 
diagram 


PALs: Programmable Logic Functions 
Help Minimize Hardware 


Taking advantage of PROM on-the-spot programmability, the 
PALs offer a range of logic replacement capabilities - 
from 


random gates to complex arithmetic circuits. Using a program- 
mable AND array to feed a fixed OR array, PALs permit 
compact 
realizations of sum-of-products 
expressions. This 


paper will provide an overview of the PAL family, a basic 
understanding of the PAL structure, some guidelines as to how 
systems can be partitioned to take advantageof the PALs and a 
design example. 


A look at the three1 billion dollar digital integrated circuit 
marketplace provides insight into the needsof systemsdesigners. 
First, Figure 1 breaks out the dollar marketplace into four 
major areas. 


ROM 
PROM 
EPROM 


As the averagesystem should contain a similar percentagecost 
of silicon for MPU, RAM, ROM/PROM/EPROM, nUCMOS, 
it 


is of particular interest to note the high percentage of Random 
Logic; e.g., TTUCMOS. In spite of the great microprocessor 
revolution, the systems marketplace spends 35% of its dollars 
on random logic. To make this point shockingly clear, Figure 2 
shows the three billion unit 
marketplace for 
MPU, RAM, 


ROM/PROM/EPROM, nUCMOS. 


The systems marketplace devotes 87% of its IC chip count to 
nUCMOS. 
Dramatic evidence of this fact is demonstrated by 


observing the high percentage of 16 and 20 pin DIPs on today's 
small board computers and microprocessor systems. 


Comparison of Figure 1 and Figure 2 along with some quick 
arithmetic shows the ASP (Average Selling Price) of the MPU, 
RAM, ROM/PROM/EPROM is around $4.00,whereas, the ASP 
of nUCMOS 
is around $.50.As a ball-park cost of placing an 
IC on a board is around $1.00 (board cost, assembly and test), 
the major cost of using the TTUCMOS is the overhead, not the 
silicon. 


Semiconductor manufacturers have been busy designing a host 
of 
programmable logic devices to 
meet the challenge of 


integrating this last holdout to LSI, namely random logic 
gates/muxes/decoders/flip-flops. 
For the 
system 
designer, 


programmable logic holds the promise of balancing the levelof 
integration of his digital ICs while still further reducing the 
printed circuit board real estate required per system. Further, 
programmable logic gives the user a custom IC which he can 
buy as an inexpensive high volume/multiple sourced virgin 
device, then customize on commonly available programmers. 


The first and most common programmable logic device suitable 
for logic replacement is the bipolar PROM. Available in a wide 
variety of inpuVoutput pin ratios, the PROMtransforms an input 
variable (address lines) to a desired output condition (data out) 
with a propagation delay in the range of 50 to 80 nanoseconds. 
Normally thought of as a memory, the PROM is a sum of 
products, boolean transfer function which will transform all 
possible input vectors to any desired output vector. Cautionl 
PROM outputs glitch during the propagation delay of any input 
change. This is true as any input change causes the source of 
data to movefrom one product to another where there may be a 
gap, overlap, or a third product causing unpredictable outputs. 
Figure 3 shows a PROM architecture in sum of products form. 
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The first programmable logic device designed specifically for 
logic replacement was the FPLA.The programmable AND array 
overcomes the previous glitch problem in the PROM and allows 
more input variables. Figure 4 shows an FPLA architecture with 
programmable AND and programmable OR arrays. 


A recent entry into the programmable logic marketplace is the 
PAL2 (Programmable Array Logic). The PAL architecture is a 
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complement of the PROM architecture as the AND array is 
programmable and the OR array is fixed. The architecture 
affords simple programming in existing PROM programmers 
plus a fast propagation time of 40 nanoseconds maximum over 
the commercial VCC and temperature ranges. In addition, PALs 
have additional output options of Registers and I/O as sum- 
marized ill Figure 6. Figure 5 shows the PAL architecture with 
programmable AND array and fixed OR array. 
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"AND" 
ARRAY 
YYYY 


AND 
OR 
OUTPUT 
OPTIONS 


PROM 
Fixed 
Prog 
TS,OC 


FPLA 
Prog 
Prog 
TS, OC, Fusible 
Polarity 


FPGA 
Pro~ 
None 
TS, OC, Fusible 
Polarity 


PMUX 
Fix/ 
rog 
Fixed 
TS 


PAL 
Prog 
Fixed 
TS, Registered, 
Feedback, 
I/O 


Fifteen PALs provide a family approach to the replacement of 
random logic gates, muxs, decoders and flip-flops at a greater 
than 4 to 1 chip count reduction. The die sizes range from 13K 
square mils to 19K square mils which compare to 2K PROM and 
4K PROM die sizes which sell in the $2.00 to $4.00 range. Two 
major semiconductor 
manufacturers are now supplying PALs 


with a third to appear shortly. 


A description of the family is shown in Table 1 below. 


PART 
DESCRIPTION 
NUMBER 


PAL 10H8 
Octal 10 Input And-Or Gate Array 


PAL 12H6 
Hex 
121nput And-Or Gate Array 


PAL 14H4 
Quad 141nput And-Or Gate Array 


PAL16H2 
Dual 
161nput And-Or Gate Array 


PAL 16C1 
16 Input And-Or/ And-Or-Invert Gate Array 


PAL 10L8 
Octal 10 Input And-Or-Invert 
Gate Array 


PAL 12L6 
Hex 
121nput And-Or-Invert 
Gate Array 


PAL 14L4 
Quad 141nput And-Or-Invert 
Gate Array 


PAL16L2 
Dual 
161nput And-Or-Invert 
Gate Array 


PAL 16L8 
Octal 161nput And-Or-Invert 
Gate Array 


PAL 16R8 
Octal 161nput Registered And-Or Gate Array 


PAL16R6 
Hex 
161nput Registered And-Or Gate Array 


PAL16R4 
Quad 161nput Registered And-Or Gate Array 


PAL16X4 
Quad 161nputRegisteredAnd-Or-Xor GateArray 


PAL16A4 
Quad 161nputRegisteredAnd-Garry-Or-Xor Gate 


Ranging in complexity from simple gates to complex arithmetic 
functions the PAL Family can functionally replace up to 90% of 
the 7400 Series TTL. 


To demonstrate a PAL implementation, consider the following 
Boolean functions: 


B = A 
A-1>-B 


D 
Ie 
C----{>o----D 


G 
E * F 
~=O-G 
~=no-G 


J 
H + 
I 
~=D-.J 
~=D-J 


M 
IK + IL 
~=D-M 
~=D-M 


P 
IN * 10 
~=n-p 
~=Do-p 


Choosing 
the 
PAL 10H8, 
these 
functions 
are now 
implemented 


as shown 
in the 
logic 
symbol 
of 
Figure 
7. 


Example Gates 
No.1 


Logic Diagram 


PAL10H8 
, 'j 
" 
I 
" 
"'j 
... ~ 
...... 
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>------" 


: 
" 


-"<- 
- 


- 
" 


J'-<- 


" 
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" 


: 
>-----" 


" 


.. 


NOT 
USED 
o 


The 
functions 
are described 
by the 
logic 
diagram 
of Figure 
8. 
The 
buffer 
which 
connects 
Pin 1 (A) to Pin 19 (8) 
is formed 
by 


the single 
"X" placed 
at the intersection 
of product 
term 
0 (top 


horizontal 
line) and input 
line 2 (far left vertical 
line), The "X" is a 


shorthand 
expression 
for an intact 
fuse connecting 
the product 
line 
(AND 
gate) 
to the 
input 
line 
thru 
an NPN 
transistor. 
The 


absence 
of 
an 
"X" 
indicates 
a blown 
fuse. 
The 
AND 
gate 
is 


formed 
by two 
"Xs" on the same 
line which 
signifies 
ANDing 
as 


all 
"Xed" 
inputs 
on 
the 
single 
rail 
AND 
symbol 
are 
ANDed 


together. 
The 
OR 
function 
is formed 
by two 
"Xs" 
on different 


product 
lines. 


This 
example 
has shown 
the 
implementation 
of common 
gate 


structures. 
The 
versatility 
of the 
PAL 
is demonstrated 
by some 


not so common 
gate structures 
shown 
below. 
Figure 
9 shows 
a 


PAL 
implementation 
of those 
gates. 


C 
A * /B 
:=D--c 
:===D>-c 


F 
D + /E 
~=D--F ~=D-F 


I 
G*/H + /G*H ~=:)D-I 


L 
J*K + /J*/K ~=:)[>--- 
L 


The sum of products Boolean transfer function is the common 
denominator and basic primitive of all digital logic systems. 
From the sum of products, not only can all the gate functions be 
derived, but so also can latches,edge triggered registers,MUXs, 
encoders and decoders. The first nine PALs (pAL10H8 thru 
PAL16L2) implement a variety of inpuVoutput pin ratios and 
product terms per output. Input pin loading is lessthan 0.25mA 
while output drive is 8 mA sink and 3.2 mA source. A typical 
gate configuration is shown in Figure 10. 


Three-state buses are commonly used in TTL systemsto reduce 
interconnect densities by sharing signal lines. The PAL16L8 
thru PAL16A4 output drivers are all three-state outputs which 
sink 24 mA, compatible with the low power Schottky three state 
standard. This 24 mA sink is sufficient to drive many standard 
buses including the Intel Multibus. 


The PAL three-state outputs are of two types. First,the register 
outputs are controlled by a common enable pin for parallel bus 
enabling. Second, the combinatorial outputs are individually 
controlled by a product term. This feature allows an open 
collector configuration to be logically derived as required in 
bus-shared control 
signals such as memory transfer ac- 


knOWledge.The latter type is shown in Figure 11. 


Latch circuits can be implemented as shown in Figure 12. The 
PAL16L8 is commonly used for this function as six of the eight 
outputs are internally connected to an array input line. Edge 
triggered flip flops can be constructed from two latches where 
individual clocking is required. 


Control logic containing D-type or J-K flip-flops is common 
among memory, processor and controller interfaces. This logic 
can generally be classified as state-sequence logic or small- 
state machines. The 
PAL types 
PAL16R8, PAL16R6 and 


PAL16R4 contain output registers with feedback which can 
implement simple state-sequences. Figure 13 shows a typical 
control logic configuration. 


A typical control logic problem is the memory to processor 
handshake on 
memory 
transfer 
used in 
many computer 
architectures. The 
processor makes a transfer request by 
activating a request line (REO) and specifies a read or write 
operation on a ReadlWrite line (RlW). 


During a read operation the processor waits for a DataAvailable 
signal at which time the data bus is sampled and the request line 
lowered, completing the cycle. During a write operation, the 
processor places data on the bus and waits for a write complete 
signal after the write cycle is finished. Upon write complete, the 
request line is lowered, completing the cycle. This handshaking 
operation is described in the timing diagram of Figure 14. 


The memory-board logic to implement this function may be 
designed with gates and edge triggered flip flops as shown in 
Figure 15. This particular design would require about five 
SSI/MSI packages. The same design is implemented in Figure 
16 by a single PAL16R8. 


1. Semiconductor Industry Association, 1979,first four months 
report. 


2. John 
Birkner, High Speed/Low 
Cost Fuse Link Arrays 
Compete with TTL 74S/LS, WESCON '78. 
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Gate arrays give logic designers the ability to create 


numerous semi-custom 
ICs in a relatively short amount of 


time. The number of unique patterns may vary from 10 to 200 
for a typical new systems design. When the new system is 
transferred to production, the Test Engineering department 
is faced with one to two work weeks per pattern. Systems 
manufacturers, 
using gate arrays for the first time, are cau- 
tioned to plan for the increased demands on Test Engineer- 
ing, or they will find a logjam in testing. This paper examines 
the 
problems 
and 
solutions 
in testing 
gate arrays 
and 


semicustom 
logic. 


Many terms have recently appeared to describe the host of 


integrated circuits which are configured late in the manufac- 
turing process. These ICs are most generally described as 
uncommitted 
logic. More specifically, 
there are classifica- 
tions such as semicustom 
logic, gate arrays, programmable 


logic arrays, field programmable logic arrays, programmable 
array logic and hard array logic. 


All of these devices provide the systems designer with 


common 
advantages; 
higher board density, 
lower power, 
higher speed, etc. For the purposes of this discussion, they 
will all be classified 
as gate arrays. The specific 
example 


chosen for this discussion will be hard array logic, HAL, and 
its programmable counterpart, 
PAL. 


Replacing PCBs With Silicon 


The problem of testing 
digital 
logic is steadily 
moving 


from the printed circuit 
board (PCB) to the LSI chip. In the 


case of gate arrays, the etched lines which connected the 
random assortment of SSI/MSI gates and flip flops is being 
lifted from the PCB and placed on silicon. Test engineers, 
who complain that the new gate arrays create a testing prob- 
lem, forget that they once tested that same logic on the PCB. 


Gate arrays don't create new testing problems; they just 


move the old testing problem from the PCB onto the silicon 
chip. This may be viewed as an opportunity to structure the 
testing problem in the more regular environment of a fixed 
package, structured array. We must be more clever, however, 
in generating our test programs without the aid of internal 
test points which were available on the PCB. 


Testing LSllogic 
is certainly not a new problem. Standard 


LSI chips, like the microprocessor 
and the variety of special 


purpose controllers, 
are regularly tested. The new problem 


lies in large numbers of gate array patterns which can be 
qUickly designed and fabricated. 


For a single systems design, a few design engineers can 


create as many as 200 new and unique gate array patterns. 
At one week per pattern, this translates to four work years of 
test engineering time. 


Test programs for LSI devices consist of electrical, switch- 


ing 
and 
functional 
tests. 
The electrical 
and 
switching 
characteristics 
are tested by the semiconductor 
manufac- 


turer, and may be optionally tested by the user. The function 
test is supplied to the manufacturer 
by the user. It consists 


of a list of test vectors, which specify for each pin, instruc- 
tions for driving high or low, or testing high or low, or not driv- 
ing and not testing. 


The time consuming job for the user is the generation of 
test 
vectors. 
At 
this 
time, 
work 
is 
under 
way 
toward 


automating 
the generation 
of test vectors, thus far with 


some success. Even with automated 
programs, man~al in- 
tervention and human interaction 
make the task time con- 


suming. In addition, 
the automated 
programs are not self 


starting. They need manually generated seed vectors. 


When a new system 
is transferred 
to production, 
the 


systems 
designer 
hands 
over the 
responsibility 
for 
the 


system to the test engineering department who now deter- 
mines how and what tests should be performed to ensure 
proper operation 
of the system. At this pont the systems 


designer 
transmits 
the necessary 
information 
for under- 


standing the system operation. Unfortunately, 
much infor- 


mation is lost at this point. All too often continuity 
is broken 


and while the systems designer is off designing 
the next 


great project, the test engineer is left to struggle with under- 
standing 
how the system 
works. This struggle 
is exag- 
gerated when system complexity 
is increased by the use of 


gate arrays. 


It is the design engineer who best knows the operation of 


his gate array design, and it is the design engineer who can 
quickly specify a few seed vectors to give the test engineer a 
starting 
point or to give the automatic 
vector generator a 


starting point. The problem at hand is to entice designers in- 
to this task. 


The first step toward 
luring the designer into prOViding 


test vector information 
is to give him a standard format for 


specifying the vectors. The format should be easy to under- 
stand and convenient 
to write down either on paper or, 


preferably, into a computer terminal. Fortunately, there is a 
format that already exists, which with slight modification, 
will suit our purpose. The format is the well known "Function 
Table" format found in the Texas Instruments TTL Databook 
and accepted by JEDEC. Let us now redefine that format as 
follows: 


The function table begins with the keyword, "FUNCTION 


TABLE." 
It is followed 
by a pin list which 
symbolically 


defines each pin. The pin list is followed by a dashed line, 
e.g.-------(Iengthoptional), which in turn is followed by a list of 
vectors, one vector per line. A vector is a sequence of states 
in order of the pin list followed by an optional comment. The 
vector list is followed by another dashed line. 


With this definition, let us now write a function Table for a 
simple two input AND Gate having inputs A and B with out- 
put C. 


L 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
H 


The second step in persuading 
the designer 
into pro- 
viding test vectors is to combine the Function Table with the 
gate array design specification 
so as to provide one docu- 
ment with design and functional 
information. 


The real objective here is to give the designer a format to 


mimic the data sheet format which he is accustomed to see- 
ing for standard TTL components. 


This is the approach taken to specify designs for Hard Ar- 


ray Logic, HAL, the mask version of Programmable Array 
Logic, PAL.The design specification 
is a computer file which 
contains 
part number, name of device, symbolic 
pin list, 


design equations and a Function Table. 


Providing just the format for specifying test vector infor- 


mation is not likely to seduce the busy systems designer into 
such a boring task. We have to be a bit more clever to snare 
him. Fortunately, we can charm him with a decoy, gate array 
simulation. 


The systems designer is impressed with computer-aided 


tools that help him in his design task. What if he had a com- 
puter program which would simulate his gate array design 
and tell him if it works as he wants it to? Would he use it? 
This author is betting that he will. 


A simulator 
has been added to the 
PAL Assembler, 


PALASM, which reads the Function Table and simulates the 
device as specified in the state equations which specify the 
transfer 
function. 
Inconsistencies 
between the 
Function 


Table and the transfer function are reported as errors. The 
simulator checks the operation of the gate array against the 
equations, 
thus verifying 
the designer's 
intention 
for the 


device. What the designer perhaps will never realize is that 
he has also provided seed vectors for test engineering. 


The test vector generation problem is generally con- 


sidered to be one of starting with the transfer function and 
synthesizing the state table. The engineering problem is just 
the reverse. That is, the designer starts off with the state m 
table and he synthesizes the transfer fucntion. A challenge 
_ 


for gate array manufacturers 
is to provide their customers 


with computer-aided tools to automatically generate gate ar- 
rays from state tables. 


High Level Language for Programmable 
Array Logic 


John BirknerlWescon 81 


Standards for silicon definition languages are under consider- 
ation by semiconductor manufacturers in order to provide a 
means of communication between vendor and customer for 
specifying 
semicustom 
ICs. The objective of an industry 
standard language is to 
provide a hardware-independent, 
manufacturer-independent, 
user-independent, 
unambiguous 


definition of an IC. So far, the debates in subcommittees, 
ranging from what symbol to use for an AND gate to whether 
there should be a standard at al" would indicate that many 
standards will evolve. 


Digital machines are most efficiently defined by explicit Boolean 
state equations. These equations are unambiguous, they are 
easily simulated, and they can be readily expanded to systems 
of machines. This paper discusses such an equation-imple- 
mented language as applied to Programmable Array Logic. 


The predominant hardware description language of today is the 
logic schematic. The predominant hardware verification tech- 
nique of today is the hardware prototype. These tools are 
inadequate for the development of silicon hardware. 


The logic schematic may be a fine tool for human under- 
standing of a digital system, but is is quite awkward to input it 
into a computer for generation of photolithographic plates used 
in making semicustom or custom ICs. Likewise, the hardware 
prototype is an awkward means of design verification of an IC. 
Differences in propagation delay, circuit implementation, and 
logic implementation degrade the effectivenessof the hardware 
emulation. Also, the manual interaction increases the proba- 
bility of error, especially in high complexity logic systems.The 
cost of an error in making an IC is tens and thousands of dollars 
and months of delay. The cost of multiple errors is years of 
delay, which often kills the project. 


TTL 7400-series logic schematics are commonly submitted to 
semiconductor vendors for implementation in semicustom or 
custom ICs. The semiconductor manufacturer then makes a 
choice as to whether to implement the function exactly as 
shown on the schematic, or to optimize the design to the 
particular circuit technique. 


If the vendor implements the TTL function exactly asshown, the 
user will pay the price of extra die size. If the vendor optimizes 
the design, he must understand it, at a high cost of engineering 
development time. In either case, the vendor is subject to the 
risk that the IC version will not operate identically to the TTL 
version. Figure 1 demonstrates the risk of copying TTL logic 
directly. The 74LS161four-bit counter is asynchronously set to 
zero when the count reaches12.Will this circuit hazard operate 
the same when it is forged into one piece of silicon? Or, will it 
oscillate? 


Testability is another common trap for the semiconductor 
vendor. The user's TTL prototype may work fine in his system 
and also be virtually untestable.A frequent example is the clock 
phase generator which has no initialize control pin. Without a 
known initial state, the tester must sequence the device until a 
recognizable pattern is observed. Most IC testers do not have 
this capability. 


Successful use of semicustom logic is best achieved when the 
user understands the vendors manufacturing cycle and when 
the 
user participates in that cycle. The production 
of a 


semicustom IC is basically the same as that required for a 
standard IC, with the exception that the user takes part in some 
of the steps. The major steps are outlined below. 


1. Define 


2. Simulate 


3. Build 


4. Test 


FABRICATE 


WAFERS 


TO 


6TH 
MASK 


GENERATE 
CUSTOM 
MASK 


FABRICATE 
AI 
LINKS 


FABRICATE 
Ti-W 
FUSES 


GENERATE 
COMPREHENSIVE 
VECTORS 


TEST 
ELECTRICAL 
PARAMETERS 


TEST 
FUNCTION 
COMPREHENSIVE 


These four steps are demonstrated 
in the diagram 
above for the 
development 
of 
PAL, 
Programmable 
Array 
Logic, 
and 
HAL, 


Hard 
Array 
Logic. 
The 
user 
begins 
by 
defining 
his 
logic 
functions 
using 
Boolean 
logic equations. 
These equations 
are 
automatically 
assembled 
into hardware 
routing 
instructions 
by 
the PAL assembler, 
PALASM. 
Syntax 
errors 
are reported. 
The 
user 
edits 
and 
reassembles, 
repeating 
the 
process 
until 
no 


syntax 
errors 
are reported. 


The 
user 
then 
inputs 
a Function 
Table 
to verify 
his design. 
PALASM 
simulates 
the 
PAUHAL, 
using 
the 
equations, 
and 


executes 
the Function 
Table 
on the simulated 
device. Simula- 


tion errors 
are reported. 
The user corrects 
the Function 
Table 
and/or 
equations 
until 
no simulation 
errors 
occur. 
This 
com- 


pletes the design 
verification 
process. 


The automatic 
routing 
instructions 
from 
PALASM 
may now be 
used 
to 
generate 
a custom 
mask 
for 
fabrication 
of a HAL. 


Aluminum 
links 
implement 
the 
logic 
equations, 
providing 
a 
semicustom 
device. Comprehensive 
Test vectors are generated 


using the Function 
Table as seed vectors. One hundred 
percent 
coverage 
for stuck-high/low 
test conditions 
is usually 
achieved 


with 
fewer 
than 200 vectors. 


HALs are cost-effective 
in volumes 
of 1000 or above. For lower 
volumes, 
the programmable 
version, PAL, may be programmed 


by the user on low-cost 
programmers. 
The 
HAL 
is unique 
in 


that 
it 
is 
a 
semicustom 
device 
that 
has 
a 
programmable 


prototype, 
the PAL. 


"Our 
life is frittered 
away 
by detail ... Simplify, 
simplify." 


Thoreau 


Hardware 
Description 
Languages 
most 
often 
use 
network 


topology 
to specify 
the interconnection 
of gates and flipflops. 


Propagation 
delays 
are 
individually 
specified; 
wire 
lists 
are 


generated; 
long 
lists 
of generally 
unreadable 
network 
inter- 


connection 
are printed 
out. 


Explicit Boolean equations are a much simpler method of 
writing logic functions. They are easily interpreted and can be 
readily commented. An example of an AND gate feeding an OR 
gate with a comment is shown below. 


F = A*B + C ; This is a comment 


The AND gate is symbolized by "*" and the OR gate is 
symbolized by "+". 


Equations are easily simulated and can be exercised by HIGHs 
and LOWs specified in a Function Table. A simulation of the 
above equations is implemented in the Function Table below. 


L L L 
L TEST OUTPUT LOW 


H H L 
H TEST OUTPUT HIGH 


L L H 
H TEST OUTPUT HIGH 


The simulation is now used to generate test vectors and may 
also be used as seed vectors for automatic generation of 
comprehensive test vectors until a 100"/0 coverage of stuck- 
high/low conditions is achieved. 


Design Verification 


The design verification performed by a user in the PAUHAL 
development cycle of Figure 2 is now demonstrated in a real 
example. What follows is a computer printout from the terminal 
of a PAL Development System during a development session. 
Two errors are intentionally made during the session. First, a 
syntax error, then a simulation error is made to demonstratethe 
corrective feedback in the development cycle. 


+INPOT 
PAL10LS 
PN12345 
EXAMPLE 
MMI SUNNYVALE, CA 
ABC 
X X X X X X GNU X X X X X 


F • A*B + E ;THIS IS A COMMENT 
FUNCTION TABLE 
ABC 
F 
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J. BIRKNER 
6/9/81 


L L L 
L 
TEST OUTPUT LOW 
H H L 
L 
TEST OUTPUT HIGH 
L L H 
H 
TEST OUTPUT HIGH 


+ASSEMBLE 
ASSEMBLY ERROR • E 


FAIL 
+EDIT 
PAL10L8 
t 
PN12345 
t 
EXAMPLE 
t 
MMI SUNNYVALE, CA 
tAB 
C X x X X X X GNU X X X X X X X x IF VCC 


t 
F· 
A*B + E ;THIS IS A COMMENT 


tCEF • A*B + C 
F • A*B + C ;THIS IS A COMMENT 
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+SIKlLATE 
01 000XXXXXXXXXXXXXXXH1 
VECTOR ERROR 02 F 


FAIL 
+EDIT 
PAL10L8 
t 
PN12345 


t 
EXAMPLE 
t 
MMI SUNNYVALE, CA 


tAB 
C X X X X X X GNU X X X X X X X X IF VCC 


t 
F = A*B + C ;THIS IS A COMMENT 


t 
FUNCTION TABLE 
tAB 
C 
1" 
t 
-------------------------- 
t 
L L L 
L 
TEST OUTPUT LOW 


t 
H H L 
L 
TEST OUTPUT HIGH 
tCLH H L 
H 


H H L 
H 
TEST OUTPUT HIGH 
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+SIKlLATE 
01 000XXXXXXXXXXXXXXXH1 
02 1l0XXXXXXXXXXXXXXXL1 
03 OOlXXXXXXXXXXXXXXXLl 


A more complex example is an 8-bit synchronous counter as 
shown in Figure 3. Example Session #2 reads, assembles and 
simulates the PAL Design Specification. 


+RFAD 
PAL20X8 
PAL DESIGN SPECIFICATION 


CTR8A 
BIRKNER!RAZMI/BLASCO 
2/10/81 


a-BIT SYNCHRONOUS COUNTER 
MMI 
SUNNYVALE, CALIFORNIA 
CLK IO DO 01 02 03 04 05 06 07 I1 GND 
IEN ICO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO ICI 
VOC 


IQO:· 
IIl* 
IIO 
+ 
IO * IQO 
:+: 
I1*/IO * /00 
+ 
Il* IO * CI 


CLEAR LSB 
COUNT/ROLD 
LOAD DO 
eLSB) 


COUNT 


IQ1 
P" 
IIl*/IO 
+ 
IO * IQ1 
:+: 
Il*IIO 
* /01 
+ 
Il* IO * CI*QO 


IQ2 :. IIl*/IO 


+ 
IO * IQ2 
:+: 
Il*IIO 
* /02 


+ 
Il* IO * CI*QO*Q1 


IQ3 
:= 
IIl*/IO 
+ 
IO * IQ3 


:+: 
Il*/IO * /03 
+ 
Il* IO * CI*QO*Q1*Q2 


IQ4 
:. 
IIl*/IO 
m 


+ 
IO * IQ4 


:+: 
Il*/IO * /04 
+ 
Il* IO * CI*QO*Q1*Q2*Q3 


IQ5 
:. 
IIl*/IO 
+ 
IO * IQ5 
:+: 
Il*/IO * /05 
07 
+ 
Il* IO * CI*QO*Q1*Q2*Q3*Q4 


IQ6 
:. 
IIl* 
IIO 
+ 
IO * IQ6 


:+: 
Il*/IO * /06 


+ 
Il* IO * CI*QO*Q1*Q2*Q3*Q4*Q5 


IQ7 
:. 
1I1* IIO 
+ 
IO * IQ7 
:+: 
Il*IIO 
* /07 
+ 
I1* IO * CI*QO*Q1*Q2*Q3*Q4*Q5*Q6 


IF (VOC) 
CO ,.CI*QO*Q1*Q2*Q3*Q4*Q5*Q6*Q7 


FONCTION 
TABLE 
+ASSEMBLE 


11 10 07 06 05 04 03 02 01 DO ICI 
CLK /EN 


Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO Ice 
PASS 
+SIMOLATE 


; SEL 
INPUTS 
CONTROL 
OtlTPUTS 
01 C0111111110xOBLLLLLLLL01 
;11 10 
7-----0 
ICI 
CLK /EN 7-----0 
Ice 
02 C0100000001XOHLLLLLLLHX1 
------------------------------------------- 
03 C1xxxxXXXX1XOBLLLLLLBL01 
L L 
HBHBBHBB 
L 
C 
L 
LLLLLLLL 
Ii 
04 C0110000001XOHLLLLLLBHX1 
H L 
LLLLLLLB 
X 
C 
L 
LLLLLLLH 
H 
05 C1XXXXXXXX1XOBLLLLLBLL01 
B B 
XXXXXXXX 
L 
C 
L 
LLLLLLHL 
B 
06 C0111000001XOBLLLLLHBHX1 
H L 
LLLLLLBH 
X 
C 
L 
LLLLLLBB 
B 
07 C1XXXXXXXX1XOBLLLLHLLL01 
H H 
XXXXXXXX 
L 
C 
L 
LLLLLBLL 
B 
08 C0111100001XOBLLLLBBBHX1 
H L 
LLLLLHHH 
X 
C 
L 
LLLLLHHH 
B 
09 C1xxXxxxxx1XOBLLLBLLLL01 
B H 
XXXXXXXX 
L 
C 
L 
LLLLBLLL 
H 
10 C0111110001xOHLLLBBHBBX1 
H L 
LLLLBmIH 
X 
C 
L 
LLLLBmIH 
H 
11 C1XXXXXXXX1XOBLLBLLLLL01 
H H 
XXXXXXXX 
L 
C 
L 
LLLHLLLL 
B 
12 C0111111001XOBLLRHBHBHXl 
H L 
LLLHBHHH 
X 
C 
L 
f,IJ·BBHBB H 
13 C1XXXXXXXX1XOHLHLLLLLL01 
H H 
XXXXXXXX 
L 
C 
L 
LLHLLLLL 
H 
14 C0111111101XOHLBRHBHBHx1 
H L 
LLHBBHBB 
X 
C 
L 
LLHHHBBB 
B 
15 C1XXXXXXXX1XOBHLLLLLLL01 
B B 
XXXXXXXX 
L 
C 
L 
LHLLLLLL 
B 
16 C0111111111XOLBmlHBHHH01 
H L 
LBHBBHml 
X 
C 
L 
LmmHHBB 
B 
17 C1xxXXXXXX1XOBLLLLLLLL01 
B B 
XXXXXXXX 
L 
C 
L 
HLLLLLLL 
H 
18 C0111111111XOLHHHHHBBB01 
H L 
HHBHHBBB 
L 
C 
L 
BHHABAAH 
L 
19 C0011111111XOBHBHBBBBLX1 
H H 
XXXXXXXX 
L 
C 
L 
LLLLLLLL 
H 
20 C0101111111XOHHHHHHHI,RX1 
H L 
BBHBBHHB 
L 
C 
L 
HHHBHBHB 
L 
21 C0110111111xOHHHHHBLHBX1 
H L 
l1BHHHHBL 
X 
C 
L 
BHHHBHHL 
H 
22 C0111011111XOHHHHBLBBRX1 
H L 
HHBHBHLB 
X 
C 
L 
HHHHHBLH 
H 
23 C0111101111XOBHBBLBBRBX1 
H L 
BmmBLBH 
X 
C 
L 
BmmBLBH 
B 
24 C0111110111XOHHBLBHBBRX1 
B L 
BHBBLHHH 
X 
C 
L 
HBBHLBHH 
H 
25 C0111111011XOHBLBHBBBBX1 
H L 
e:BBLBHBH 
X 
C 
L 
BHHLBHHH 
B 
26 COll1111101xom,mmmnrnx1 
B L 
HHLBBHBB 
X 
C 
L 
B!lLBHHBB 
H 
27 C0111111111XOLHHHHHHHH01 
B L 
BLHHHBBB 
X 
C 
L 
HLBHHBBH 
B 
28 COxxXXXXXXOXOBLLLLLLLLX1 
B L 
LHHHBBBB 
X 
C 
L 
LHBHBBBB 
H 
29 C1XXXXXXXX1XOBLLLLLLLH01 
B L 
BARBARAH 
L 
C 
L 
HHHHBBHB 
L 
30 C1XXXXXXXX1XOBLLLLLLBL01 
L L 
XXXXXXXX 
X 
C 
L 
LLLLLLLL 
H 
31 C1XXXXXXXX1XOBLLLLLLBH01 
H B 
XXXXXXXX 
L 
C 
L 
LLLLLLLH 
B 
32 C1XXXXXXXX1XOBLLLLLBLL01 
H H 
XXXXXXXX 
L 
C 
L 
LLLLLLBL 
H 
33 C0011111111XOHHBBmmBLX1 
B B 
XXXXXXXX 
L 
C 
L 
LLLLLLBB 
B 
34 C1XXXXXXXX1XOLBHBHBBBB01 
H H 
XXXXXXXX 
L 
C 
L 
LLLLLHLL 
B 
35 C1XXXxxXXX1XOBHHI1BBBHBll 
H L 
HHHHHBHL 
X 
C 
L 
l1BHHHHBL B 
36 C1000000000XOLBHBHHHHBOl 
H B 
XXXXXXXX 
L 
C 
L 
BBHBBHHH 
L 
37 C1111111111XOHLLLLLLLL01 
H H 
XXXXXXXX 
B 
C 
L 
BHHBBHHB 
B 


L B 
LLLLLLLL 
L 
C 
L 
HBRHBHBH 
L 


B B 
HI1BBBHBH 
L 
C 
L 
LLLLLLLL 
B 
PASS 


------------------------------------------- 
+ 
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Programmable Array Logic Family 


PAL:'Series 
20 


• Programmable 
replacement 
for 
conventional 
TTL 


logic. 


• Reduces IC inventories 
substantially 
and simplifies 


their control. 


Reduces chip count 
by 4 to 1. 


• Expedites 
and 
simplifies 
prototyping 
and 
board 


layout. 


• Saves space with 20-pin SKINNY DIP® packages. 


• High speed: 25ns typical 
propagation 
delay. 


• Programmed 
on standard 
PROM programmers. 


• Programmable 
three-state 
outputs. 


• Special 
feature 
reduces 
possibility 
of copying 
by 


competitors. 


The PAL family utilizes an advanced Schottky TIL process and 
the Bipolar PPOM fusible link technology to provide user pro- 
grammable logic for replacing conventional SSI/MSI gates and 
flip-flops at reduced chip count. 


The family lets th,~ systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired 
logic function. 
Complex 
interconnections 
which 


previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 


The PAL transfer function is the familiar sum of products. Like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed 
OR 
array 
(the 
PROM 
is a fixed 
AND 
array 
driving 
a 


programmable 
OR array). In addition the PAL provides these 


options: 


• Registers with feedback 


• Arithmetic capability 


PART 
PKG 
DESCRIPTION 
NUMBER 


PAL10H8 
N,J.F Octal 10 Input And-Or Gate Array 
PA112H6 
N.J.F Hex 
12 Input And-Or Gate Array 
PAL1<H4 
N.J.F Quad 141nput And-Or Gate Array 


PAL16H2 
N.J.F Dual 
161nput And-Or Gate Array 


PAL16Ci 
N.J,F 
16 Input And-Or! And-Or-Invert Gate Array 


PAL10L8 
N,J,F Octal 10 Input And-Or-Invert 
Gate Array 


PAL12L6 
N,J.F Hex 
121nput And-Or-Invert 
Gate Array 
PAL14L4 
N.J,F Quad 141nput And-Or-Invert 
Gate Array 
PAL16L2 
N.J.F Dual 
161nput And-Or-Invert 
Gate Array 
PAL16L8 
N,J,F Octal 161nput And-Or-Invert 
Gate Array 
PAL16H8 
N.J.F Octal 161nput Registered And-Or Gate Array 


PAL16R6 
N.J.F Hex 
161nput Registered And-Or Gate Array 


PAL16R4 
N,J.F Quad 161nput Registered And-Or Gate Array 


PAL16X4 
N,J 
Quad 161nputRegisteredAnd-Or-Xor GateArray 


PAL16A4 
N.J 
Quad 161nputRegisteredAnd-Carry-Qr-Xor Gate 


Unused inputs are tied directly to VCC or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected 
to both true and complement of any single 


input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low to high transition of the 
clock. PAL Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding sheets. 


The entire 
PAL family 
is programmed 
on inexpensive 
con- 


ventional PROM programmers with appropriate personality and 
socket adapter cards. Once the PAL is programmed 
and ver- 
ified, two additional fuses may be blown to defeat verification. 
This feature gives the user a proprietary 
circuit which is very 


difficult to copy. 


PROGRAMMABLE 
ARRAY 
LOGIC 
FAMilY 


-- 
NUMBER 
OF ARRAY 
INPUTS 


OUTPUT 
TYPE 
H = ACTIVE 
HIGH 
L = ACTIVE 
LOW 
C = COMPLEMENTARY 
X = EXCLUSIVE-OR 
REGISTERED 
A = ARITHMETIC 
REGISTERED 


-- 
NUMBER 
OF 
OUTPUTS 


TEMPERATURE 
RANGE 


C = 
DC TO +75C 
M = -sse TO 
+12SC 
(CASE 
TEMPERATURE) 
L 


PACKAGE 
N = PlASTIC 
DIP 
J = CERAMIC 
DIP 
F = FLAT 
PACK 


OPTIONAL 
HI-REl 
PROCESSING 
lJ 


8838': 
Mll-STD-883. 
METHOD 
5004 
& 5005 
LEVEL 
B 


883C = Mll-STD-883. 
METHOD 
5004 
& 5005 
LEVEL 
C 


B = MIL-STD-883. 
METHOD 
5004 
EaUIVALENT 
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MonolIthIc m~n 
MemorIes 
InJn.LI 


PAL Series 20 


".t'.....•........... 
::t •..•.•...........••....••...•.•••••..•....•.........•.••....•.....•......•....••...•..•......•.•.••....... 
.J.o.Jv 
Off-state 
output 
Voltage 
..........•..........•...........•.....•.................•...................•............. 
5.5V 


Storage 
temperature 
....................•...........•................................................... 
-650 
to +150°C 
Operating Conditions 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vcc 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
25 
10 
25 
10 
tw 
Width 
of clock 
ns 


High 
25 
10 
25 
10 


Set 
up 
time 
from 
16R8 
16R6 
16R4 
45 
25 
35 
25 
tsu 
ns 
input 
or feedback 
16X4 
16A4 
55 
30 
45 
30 


th 
Hold 
time 
0 
-15 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
5 
75 
°C 


TC 
Operating 
case 
temperature 
125 
°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


V,L * 
Low-level 
input 
voltage 
0.8 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current t 
VCC 
= 
MAX 
VI = 
O.4V 
~.02 
-0.25 
mA 


IIH 
High-level 
input 
current t 
VCC 
= 
MAX 
VI = 
2.4V 
25 
IJA 


I, 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 
5.5V 
1 
mA 


10H8.12H6.14H4 
MIL 
VCC 
= 
MIN 
16H2. 16C1. 10L8 
'OL 
= 
8mA 
12L6. 14L4. 
16L2 
COM 


VOL 
Low-level 
output 
voltage 
VIL 
= 
0.8V 
0.3 
0.5 
V 


16L8 
16R8 
MIL 
10L 
= 
12mA 
VIH 
= 
2V 
16R6 
16R4 
16X4 
16A4 
COM 
'OL 
= 
24mA 


VCC 
= 
MIN 
MIL 
'OH 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 
0.8V 
2.4 
2.8 
V 


VIH 
= 
2V 
COM 
10H 
,- -3.2mA 


10ZL 
VCC 
= 
MAX 
16L8 
16R8 
Vo 
= O.4V 
-100 
IJA 


Off-state 
output 
current t 
VIL 
= 
0.8V 
16R6 
16R4 


10ZH 
VIH 
= 
2V 
16X4 
16A4 
Vo 
= 
2.4V 
100 
IJA 


10S 
Output 
short-drcuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


10H8. 12H6. 14H4.16H2. 
16C1 


55 
90 


10L8. 
12L6. 14L4. 16L2 


'CC 
Supply 
current 
VCC 
= 
MAX 
16R4, 
16R6. 
16R8. 
16L8 
120 
180 
mA 


16X4 
160 
225 


16A4 
170 
240 
t 
I/O pin leakage is the worst case of IOZX 
or IIX e.g .. IlL and 10ZH· 


tt 
AlIlyp.cal 
values are at VCC = 5V. T A 
= 25°C. 


• 
These are absolute voltages with respect to pin 10 on the device and includes all overshoots 
due to system and/or 
tester noise. 


Do not attempt 
to test these values 
without 
suitable 
equipment. 


* * Only 
one output 
shorted 
at a time. 


Switching Characteristics 


Over Operating Conditions 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


10H8 12H6 14H4 


Input to 
16H2 10L8 12L6 
R1 = 56011 
25 
45 
25 
35 
tpD 
R2 = 1.1kll 
ns 
output 
14L4 
16L2 


16C1 
25 
45 
25 
40 


tpD 
Input or feed- 
16R6 16R4 16L8 
25 
45 
25 
35 
back to output 
16A4 
ns 
16X4 
30 
45 
30 
40 


tCLK 
Clock to output or feedback 
15 
25 
15 
25 
ns 


tpZy 
Pin 11 to output enable 
15 
25 
15 
25 
ns 


tpxz 
Pin 11 to output disable 
R1 = 20011 
15 
25 
15 
25 
ns 


Input to 
16R6 
16R4 
16L8 
R2 = 39011 
25 
45 
25 
35 
tpzx 
ns 
output enable 
16X4 
16A4 
30 
45 
30 
40 


tpxz 
Input to 
16R6 
16R4 
16L8 
25 
45 
25 
35 
output disable 
ns 
16X4 
16A4 
30 
45 
30 
40 


Maximum 
16R8 
16R6 
16R4 
14 
25 
16 
25 
MHz 
fMAX 
frequency 
16X4 
16A4 
12 
22 
14 
22 


MANUFACTURER 
PERSONALITY 
SOCKET ADAPTER 


CARD SET 
CONFIGURATION 


Data I/O Corporation 
909-1427 
7151428-1 
715 1428-2 
715 1428-3 


Pro-Log Corporation 
PM9068 


Stag Systems 
PM202 
AM10H8 
AM10L8 
AM12H6 
AM12L6 
AM14H4 
AM14L4 
AM16H2 
AM16L2 
AM16C1 


Structured Design 
SD20/24 


", 


OUTPUT 
TEST POINT 


PAL fuses are programmed 
using a low-voltage linear-select 


procedure which is common to all 15 PAL types. The array is 
divided into two groups, products 0 thru 31 and products 32 thru 
63, for which pin identifications are shown in Pin Configurations 
below. To program a particular fuse, both an input line and a 
product line are selected according to the following procedure: 


Step 2 Select an input line by specifying 10,11,12,13,14,15,16,17 
and L/R as shown in Table 1. 


Step 3 Select a product line by specifying AO' A1 and A2 one-of- 
eight select as shown in Table 2. 


Step 5 Program the fuse by pulsing the output pins, 0, of the 


selected product group to VIHH 
as shown in Program- 


ming Waveform. 


Step 7 Pulse the CLOCK pin and verify the output pin, 0, to be 


Low for active Low PAL types or High for active High 
PAL types. 


Step 9 Should the output not verify, repeat steps 1 thru 8 up to 


five (5) times. 


This 
procedure 
is repeated for all fuses to be blown 
(see 


Programming Waveforms). 


To prevent further verification, two last fuses may be blown by 
raising pin 1and pin 11toVp. VCC 
is not required during this 


operation. 


L = Low-level input voltage, VIL 
H = High-level input voltage, VIH 
HH = High-level program voltage, VIHH 


Z = High impedance (e.g., 10kfl to 5.0V) 


INPUT 
PIN IDENTIFICATION 


LINE 


NUMBER 
17 
16 
15 
14 
13 
12 
11 
10 
LlR 


0 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
L 
Z 


1 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
H 
Z 


2 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
L 
HH 


3 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
H 
HH 


4 
HH 
HH 
HH 
HH 
HH 
HH 
L 
HH 
Z 


5 
HH 
HH 
HH 
HH 
HH 
HH 
H 
HH 
Z 


6 
HH 
HH 
HH 
HH 
HH 
HH 
L 
HH 
HH 


7 
HH 
HH 
HH 
HH 
HH 
HH 
H 
HH 
HH 


8 
HH 
HH 
HH 
HH 
HH 
L 
HH 
HH 
Z 


9 
HH 
HH 
HH 
HH 
HH 
H 
HH 
HH 
Z 


10 
HH 
HH 
HH 
HH 
HH 
L 
HH 
HH 
HH 
11 
HH 
HH 
HH 
HH 
HH 
H 
HH 
HH 
HH 


12 
HH 
HH 
HH 
HH 
L 
HH 
HH 
HH 
Z 


13 
HH 
HH 
HH 
HH 
H 
HH 
HH 
HH 
Z 


14 
HH 
HH 
HH 
HH 
L 
HH 
HH 
HH 
HH 


15 
HH 
HH 
HH 
HH 
H 
HH 
HH 
HH 
HH 


16 
HH 
HH 
HH 
L 
HH 
HH 
HH 
HH 
Z 


17 
HH 
HH 
HH 
H 
HH 
HH 
HH 
HH 
Z 


18 
HH 
HH 
HH 
L 
HH 
HH 
HH 
HH 
HH 


19 
HH 
HH 
HH 
H 
HH 
HH 
HH 
HH 
HH 


20 
HH 
HH 
L 
HH 
HH 
HH 
HH 
HH 
Z 


21 
HH 
HH 
H 
HH 
HH 
HH 
HH 
HH 
Z 


22 
HH 
HH 
L 
HH 
HH 
HH 
HH 
HH 
HH 


23 
HH 
HH 
H 
HH 
HH 
HH 
HH 
HH 
HH 


24 
HH 
L 
HH 
HH 
HH 
HH 
HH 
HH 
Z 


25 
HH 
H 
HH 
HH 
HH 
HH 
HH 
HH 
Z 
26 
HH 
L 
HH 
HH 
HH 
HH 
HH 
HH 
HH 


27 
HH 
H 
HH 
HH 
HH 
HH 
HH 
HH 
HH 


28 
L 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
Z 


29 
H 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
Z 


30 
L 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 


31 
H 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 


PRODUCT 
PIN IDENTIFICATION 


LINE 
NUMBER 
03 
02 
01 
00 
A2 
Al 
AO 


0, 32 
Z 
Z 
Z 
HH 
Z 
Z 
Z 
1,33 
Z 
Z 
Z 
HH 
Z 
Z 
HH 
2, 34 
Z 
Z 
Z 
HH 
Z 
HH 
Z 
3, 35 
Z 
Z 
Z 
HH 
Z 
HH 
HH 


4, 36 
Z 
Z 
Z 
HH 
HH 
Z 
Z 


5, 37 
Z 
Z 
Z 
HH 
HH 
Z 
HH 
6, 38 
Z 
Z 
Z 
HH 
HH 
HH 
Z 
7, 39 
Z 
Z 
Z 
HH 
HH 
HH 
HH 


8, 40 
Z 
Z 
HH 
Z 
Z 
Z 
Z 


9,41 
Z 
Z 
HH 
Z 
Z 
Z 
HH 


10, 42 
Z 
Z 
HH 
Z 
Z 
HH 
Z 


11,43 
Z 
Z 
HH 
Z 
Z 
HH 
HH 


12, 44 
Z 
Z 
HH 
Z 
HH 
Z 
Z 
13, 45 
Z 
Z 
HH 
Z 
HH 
Z 
HH 


14, 46 
Z 
Z 
HH 
Z 
HH 
HH 
Z 


15,47 
Z 
Z 
HH 
Z 
HH 
HH 
HH 


16,48 
Z 
HH 
Z 
Z 
Z 
Z 
Z 


17,49 
Z 
HH 
Z 
Z 
Z 
Z 
HH 


18, 50 
Z 
HH 
Z 
Z 
Z 
HH 
Z 


19,51 
Z 
HH 
Z 
Z 
Z 
HH 
HH 
20, 52 
Z 
HH 
Z 
Z 
HH 
Z 
Z 
21,53 
Z 
HH 
Z 
Z 
HH 
Z 
HH 
22, 54 
Z 
HH 
Z 
Z 
HH 
HH 
Z 


23, 55 
Z 
HH 
Z 
Z 
HH 
HH 
HH 
24, 56 
HH 
Z 
Z 
Z 
Z 
Z 
Z 
25, 57 
HH 
Z 
Z 
Z 
Z 
Z 
HH 
26, 58 
HH 
Z 
Z 
Z 
Z 
HH 
Z 


27, 59 
HH 
Z 
Z 
Z 
Z 
HH 
HH 
28, 60 
HH 
Z 
Z 
Z 
HH 
Z 
Z 
29,61 
HH 
Z 
Z 
Z 
HH 
Z 
HH 
30, 62 
HH 
Z 
Z 
Z 
HH 
HH 
Z 
31,63 
HH 
Z 
Z 
Z 
HH 
HH 
HH 


SYMBOL 
PARAMETER 
LIMITS 
UNIT 


MIN 
TYP 
MAX 


VIHH 
Program-level 
input voltage 
11 
11.5 
12 
V 


Output 
Program 
Pulse 
50 


IIHH 
Program-level 
input current 
00, 
L/R 
25 
mA 


All Other 
Inputs 
5 


ICCH 
Program 
Supply 
Current 
400 
mA 


Tp 
Program 
Pulse Width 
10 
50 
!J.s 


to 
Delay time 
100 
ns 


tov 
Delay Time to Verify 
100 
!J.s 


Program 
Pulse duty 
cycle 
25 
% 


Vp 
Verify-Protect-input 
voltage 
20 
21 
22 
V 


Ip 
Verify-Protect-input 
current 
400 
mA 


Tpp 
Verify-Protect 
Pulse Width 
20 
50 
msec 


Programming Waveforms 
6 


00 


VIL 


VIHH 
I. LlR. A 
VIH 


VIL 


Vcc 


5.QV 


VIHH 


VOH 


0 


VOL 


VIH 


CLOCK 


VIL 


v.;)cn.;> 
,...",nl 
IVUMD~M 
REV 
NAME 
DATE 


TITLE 


COMPANY, 
CITY, 
STATE 


PIN 1 
PIN 2 
PIN 3 
PIN 4 
PIN 5 


GND 
PIN 6 
PIN 7 
PIN 8 
PIN 9 
PIN 
10 


PIN 
11 
PIN 
12 
PIN 
13 
PIN 
14 
PIN 
15 
VCC 
PIN 
16 
PIN 
17 
PIN 
18 
PIN 19 
PIN 20 


EQUAL 


: = 
REPLACED 
BY 
+ 
OR 
* 
AND 
:+: 
XOR 
:*: XNOR 
/ 
COMPLEMENT 


( 
) 
THREE-STATE 


H 
HIGH 
L 
LOW 
C 
CLOCK 


X 
IRRELEVANT 


Programmable Array Logic Family 
PA~Series 24 


Features/Benefits 


• Programmable 
replacement for conventional 
TIL 
logic. 
• Reduces 
IC inventories 
substantially 
and simplifies 
their 


control. 
• Reduces chip count by 5 to 1. 
• Expedites and simplifies prototyplng 
and board layout. 


• Saves space with 24-pln SKINNYDIP'· 
packages. 


• Programmed on standard PROM programmers. 
• Programmable 
three-state outputs. 


• Special feature reduces possibility of copying by competitors. 


Description 


The PAL Series 
24 family 
complements 
the PAL Series 20 family 
by providing 
two 
additional 
inputs 
and 
two 
additional 
outputs, 


allowing 
more 
complex 
functions 
in a single 
package. 
This 
new 


family 
is made 
feasible 
by the 
Monolithic 
Memories 
new 
and 


revolutionary 
24-pin 
SKINNYDIP'·. 


In addition 
to 
providing 
more 
logic 
function 
per chip, 
24 pins 


allows 
for 
many 
natural 
functions 
which 
were 
previously 
un- 


available 
in skinny 
300 mil-wide 
packages. 
Examples 
include: 


• 
B-bit 
parallel-in 
parallel-out 
counters 


• 
B-bit 
parallel-in 
parallel-out 
shift 
registers 


• 
16-Line-to-1-Line 
Multiplexors 


• 
Dual 
B-Line-to-1-Line 
Multiplexors 


• 
Quad 
4-Line-to-1-Line 
MUltiplexors 


These 
natural 
functions 
provide 
twice 
the density 
of traditional 


16-pin 
packages. 


The 
PAL family 
utilizes 
an advanced 
Schottky 
TTL 
process 
and 


the 
Bipolar 
PROM 
fusible 
link 
technology 
to 
provide 
user 


programmable 
logic 
for 
replacing 
conventional 
SSIIMSI 
gates 


and flip-flops 
at reduced 
chip 
count. 


The 
family 
lets the 
systems 
engineer 
"design 
his own 
chip" 
by 
blowing 
fusible 
links 
to configure 
AND 
and OR gates to perform 


his 
desired 
logic 
function. 
Complex 
interconnections 
which 


previously 
required 
time-eonsuming 
layout 
are thus "lifted" 
from 


PC board 
etch 
and 
placed 
on silicon 
where 
they 
can be easily 
modified 
during 
prototype 
check-out 
or production. 


The PAL transfer 
function 
is the familiar 
sum of products. 
Like the 


PROM, 
the 
PAL 
has a single 
array 
of fusible 
links. 
Unlike 
the 
PROM, 
the PAL is a programmable 
AND 
array driving 
a fixed OR 


array 
(the PROM 
is a fixed 
AND 
array 
driving 
a programmable 


OR array). 
In addition 
the PAL 
provides 
these 
options: 


• 
Variable 
inpuVoutput 
pin ratio 


• 
Programmable 
three-state 
outputs 


• 
Registers 
with 
feedback 


PART 
PKG 
DESCRIPTION 
NUMBER 


PAL12L10 
J,N 
Deca 
121nput 
And-Or-Invert 
Gate Array 


PAL14L8 
J,N 
Octal 
141nput 
And-Or-Invert 
Gate Array 


PAL16L6 
J,N 
Hex 
161nput 
And-Or-Invert 
Gate Array 


PAL18L4 
J,N 
Quad 
181nput And-Or-Invert 
Gate Array 


PAL20L2 
J,N 
Dual 
20lnput 
And-Or-Invert 
Gate Array 


PAL20C1 
J,N 
20 Input And-Or/ And-Or Invert Gate Array 


PAL20L 10 
J,N 
Deca 20 Input 
And-Or-Invert 
Gate Array 


PAL20X10 
J,N 
Deca 20 Input Registered And-Or-Xor 
Gate Array 


PAL20X8 
J,N 
Octal 
20lnput Registered And-Or-Xor 
Gate Array 


PAL20X4 
J,N 
Quad 20lnput Registered And-Or-Xor 
Gate Array 


Unused 
inputs 
are tied directly 
to V CC or GND. 
Product 
terms 


with 
all fuses 
blown 
assume 
the 
logical 
high 
state, and 
product 


terms 
connected 
to both true and complement 
of any single 
input 


assume 
the logical 
low state. Registers 
consist 
of D type flip-flops 
which 
are loaded 
on the low to high 
transition 
of the clock. 
PAL 


Logic 
Diagrams 
are shown 
with 
all fuses 
blown, 
enabling 
the 


designer 
use of the 
diagrams 
as coding 
sheets. 


To design 
a PAL, the user writes 
the logic 
equations 
using 
PAL 


DESIGN 
SPECIFICATION 
standard 
format 
(F10B). This 
specifi- 


cation 
may 
be 
submitted 
to 
Monolithic 
Memories 
where 
it is 
computer 
processed 
and 
assigned 
a bit 
pattern 
number, 
eg 


P0123. Monolithic 
Memories 
accepts 
the PAL DESIGN 
SPECIFI- 


CATION 
in one of the three 
forms: 


1. Computer 
generated 
listings. 


2. Typed 
or hand-written 
forms 
F107 and 
F10B. 


3. Direct 
on 
line 
data 
transmission 
to 
Monolithic 
Memories 


Timeshare 
computer 
system 
via telephone 
(local 
telephone 


network 
to 
major 
U.S. 
cities, 
London 
and 
Paris) 
or 
TWX 


online 
Boston 
TWX 
No.). 


The 
entire 
PAL 
family 
is programmed 
on inexpensive 
conven- 


tional 
PROM 
programmers 
with 
appropriate 
personality 
and 


socket 
adapter 
cards. 
Once 
the PAL is programmed 
and verified, 


two 
additional 
fuses 
may 
be blown 
to defeat 
verification. 
This 


feature 
gives 
the user a proprietary 
circuit 
which 
is very difficult 


to copy. 
Ordering Information 


PROGRAMMABLE 
ARRAY 
LOGIC 
FAMILY 


NUMBER 
OF ARRAY 
INPUTS 


~---- 
OUTPUT 
TYPE 


L = ACTIVE 
LOW 


C = COMPLEMENTARY 
X = EXCLUSIVE 
OR REGISTERED 


R = REGISTERED 


~---NUMBER 
OF OUTPUTS 
fr 


TEMPERATURE 
RANGE 


C = 
OC TO +7SC 


M = -SSC TO +12SC (CASE 
TEMPERATURE) 


~ 


PANC::~AESTIC 
DIP 


J = CERAMIC 
DIP 


HI-REL 
SCREENING 
r 


LEVEL SEE "SCREENING 
OPTIONS 
PAL20XBCJ 8838 


1165 East Arques Avenue, Sunnyvale, CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 


7·10 


MonolIthIc~~n 
MemorIes 
Ln.IrUJ 


0U •.••.•'y VUlldY", Vl;l; 
,......................................................................... 
7 
12V 
Input 
Voltage 
.........................................•............•............................... 
5.5V 
12V * 


Off-state 
output 
Voltage 
. . . . . . . . . . . . . . . . . . . • . . . . . . .. 
5.5V 
12V 
Storage 
temperature 
......................•.....•....................................................... 
-65° 
to +150°c 


PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
SYMBOL 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 
I Low 
40 
20 
35 
20 
tw 
Width 
of clock 
ns 
I High 
30 
10 
25 
10 


tsu 
Set 
up 
time 
60 
38 
50 
38 
ns 


th 
Hold 
time 
0 
-15 
0 
-15 


TA 
Operating 
free air temperature 
-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPtt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-08 
-15 
V 


IlL 
Low-level 
input 
current t 
VCC 
= 
MAX 
VI 
= 
OAV 
-0.02 
-0.25 
mA 


IIH 
High-level 
input 
current t 
VCC 
= 
MAX 
VI 
= 
2AV 
25 
IJA 


II 
Maximum 
input 
current 
VCC 
= 
MAX 
VI 
= 
5.5V 
1 
mA 


VCc 
= 
MIN 
12L 10, 14L8. 
16L6 
10L 
= 8mA 
18L4, 
20L2, 
20C1 


VOL 
Low-level 
output 
voltage 
VIL 
= 
0.8V 
0.3 
05 
V 
20L 10, 20X10 
MIL 
10L 
- 
12mA 


VIH 
= 
2V 
20X8.20X4 
COM 
10L 
-'124mA 


VcC 
= 
MIN 
10H 
= 
-2mA 
MIL 


VOH 
High-level 
output 
voltage 
VIL 
= 
0.8V 
2A 
28 
V 


VIH 
= 
2V 
10H 
= 
-3.2mA 
COM 


10ZL 
VCC 
= 
MAX 
Vo 
= 
OAV 
-100 
IJA 


Off-state 
output 
current t 
VIL 
= 
0.8V 


10ZH 
VIH 
= 
2V 
Vo 
= 
2.4V 
100 
IJA 


'OS 
Output 
short-{;ircuit 
current * * 
VcC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


12L 10. 14L8, 
16L6, 
60 
100 


IcC 
Supply 
current 
VCc 
= MAX 


18L4, 
20L2, 
20C1 


mA 
20X4, 
20X8, 
20X10 
120 
180 


20L10 
90 
165 


t 
I/O pin leakage is the worst case of IOZX or IIX e.g. 'IX and lOZH 


tt 
All typical 
values are at v CC = SV, TA 
= 2S·C. 


* Pins 1 and 
13 may be raised to 22V 
max. 


* * Only 
one 
output 
shorted 
at a time. 


Switching Characteristics 


Over Operating Conditions 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


12l10, 14l8, 


tpD 
Input to 
16l6, 
18l4, 
R1 = 560fl 
25 
45 
25 
40 
ns 
output 
20l2, 
20C1 
R2 = 1.1kfl 


tpD 
Input or feedback to output 
35 
60 
35 
50 
ns 


tClK 
Clock to output or feedback 
20 
35 
20 
30 
ns 
20L10, 20X10 
tpzx 
Pin 13 to output enable 
20 
45 
20 
35 
ns 
20X8, 20X4 
tpxz 
Pin 13 to output disable 
20 
45 
20 
35 
ns 


tpzx 
Input to output enable 
R1 = 200fl 
35 
55 
35 
45 
ns 


tpxz 
Input to output disable 
R2 = 390fl 
35 
55 
35 
45 
ns 


fMAX 
Maximum frequency 
10.5 
16 
12.5 
16 
MHz 


",J50pF 


PAL Series 24 


Programming 


PAL fuses are programmed 
using 
a low-voltage 
linear-select 


procedure 
which 
is common 
to all PAL types. 
The 
array 
is 


divided 
into 
twp groups, 
products 
0 thru 39 and products 
40 


thru 
79, 
for 
which 
pin 
identifications 
are 
shown 
in 
Pin 


Configurations 
below. 
To 
program 
a particular 
fuse, both an 


input 
line and 
a product 
line are selected 
according 
to the 


following 
procedure: 


Step 
1 Raise Output 
Disable, 00, to V1HH. 


Step 2 Select an input line by specifying 
10, 11, 12, 13, 14, 15, 16, 


17, la, 19 and 
UR 
as shown 
in Table 
1. 


Step 3 Select 
a 
product 
line 
by 
specifying 
AO' A1 and A2 


one-of-eight 
select 
as shown 
in Table 
2. 


Step 4 Raise VCC (pin 24) to VIHH· 


L = Low-level input voltage, VIL 
H = High-level input voltage, VIH 
HH = High-level program 
voltage, VIHH 
Z =, High impedance 
(e.g. 10K !1 to 5.0V) 


INPUT 
PIN IDENTIFICATION 
LINE 
NUMBER 
19 
Is 
17 
16 
15 
14 
13 
12 
11 
10 L/R 


0 
HH HH HH HH HH HH HH HH HH 
L 
Z 


1 
HH HH HH HH HH HH HH HH HH 
H 
Z 


2 
HH HH HH HH HH HH HH HH HH 
L 
HH 


3 
HH HH HH HH HH HH HH HH HH 
H 
HH 


4 
HH HH HH HH HH HH HH HH 
L 
HH 
Z 
5 
HH HH HH HH HH HH HH HH 
H 
HH 
Z 
6 
HH HH HH HH HH HH HH HH 
L 
HH HH 


7 
HH HH HH HH HH HH HH HH 
H 
HH HH 


8 
HH HH HH HH HH HH HH 
L 
HH HH 
Z 


9 
HH HH HH HH HH HH HH 
H 
HH HH 
Z 
10 
HH HH HH HH HH HH HH 
L 
HH HH HH 
11 
HH HH HH HH HH HH HH 
H 
HH HH HH 


12 
HH HH HH HH HH HH 
L 
HH HH HH 
Z 


13 
HH HH HH HH HH HH 
H 
HH HH HH 
Z 
14 
HH HH HH HH HH HH 
L 
HH HH HH HH 
15 
HH HH HH HH HH HH 
H 
HH HH HH HH 


16 
HH HH HH HH HH 
L 
HH HH HH HH 
Z 
17 
HH HH HH HH HH 
H 
HH HH HH HH 
Z 
18 
HH HH HH HH HH 
L 
HH HH HH HH HH 
19 
HH HH HH HH HH 
H 
HH HH HH HH HH 


20 
HH HH HH HH 
L 
HH HH HH HH HH 
Z 


21 
HH HH HH HH 
H 
HH HH HH HH HH 
Z 


22 
HH HH HH HH 
L 
HH HH HH HH HH HH 


23 
HH HH HH HH 
H 
HH HH HH HH HH HH 


24 
HH HH HH 
L 
HH HH HH HH HH HH 
Z 


25 
HH HH HH 
H 
HH HH HH HH HH HH 
Z 
26 
HH HH HH 
L 
HH HH HH HH HH HH HH 


27 
HH HH HH 
H 
HH HH HH HH HH HH HH 


28 
HH HH 
L 
HH HH HH HH HH HH HH 
Z 


29 
HH HH 
H 
HH HH HH HH HH HH HH 
Z 
30 
HH HH 
L 
HH HH HH HH HH HH HH HH 


31 
HH HH 
H 
HH HH HH HH HH HH HH HH 


32 
HH 
L 
HH HH HH HH HH HH HH HH 
Z 
33 
HH 
H 
HH HH HH HH HH HH HH HH 
Z 


34 
HH 
L 
HH HH HH HH HH HH HH HH HH 


35 
HH 
H 
HH HH HH HH HH HH HH HH HH 


36 
L 
HH HH HH HH HH HH HH HH HH 
Z 


37 
H 
HH HH HH HH HH HH HH HH HH 
Z 
38 
L 
HH HH HH HH HH HH HH HH HH HH 


39 
H 
HH HH HH HH HH HH HH HH HH HH 


Step 5 Program 
the fuse by pulsing 
the output 
pins, 0, of the 
selected product 
group to VIHH 
as shown 
in Program- 


ming 
Waveform. 


Step 6 Lower VCC 
(pin 
24) to 6.0 V. 


Step 7 Pulse the CLOCK 
pin and verify 
the output 
pin, 0, to 


be Low 
for 
active 
Low 
PAL types 
or High 
for active 


High 
PAL types. 


Step a Lower VCC 
(pin 24) to 4.5 V and 
repeat 
step 7. 


Step 9 Should 
the output 
not verify, 
repeat steps 1 thru 
a up 


to five (5) times. 


This 
procedure 
is 
repeated 
for 
all fuses 
to 
be blown 
(see 


Programming 
Waveforms). 


To prevent further 
verification, 
two last fuses may be blown by 


raising pin 1 and pin 13 to Vp. VCC 
is not required 
during 
this 


operation. 


PRODUCT 
PIN IDENTIFICATION 
LINE 
NUMBER 
04 
03 
02 
01 
00 
A2 
A1 
Ao 


0,40 
Z 
Z 
Z 
Z 
HH 
Z 
Z 
Z 


1,41 
Z 
Z 
Z 
Z 
HH 
Z 
Z 
HH 


2,42 
Z 
Z 
Z 
Z 
HH 
Z 
HH 
Z 
3,43 
Z 
Z 
Z 
Z 
HH 
Z 
HH 
HH 


4,44 
Z 
Z 
Z 
Z 
HH 
HH 
Z 
Z 
5,45 
Z 
Z 
Z 
Z 
HH 
HH 
Z 
HH 


6,46 
Z 
Z 
Z 
Z 
HH 
HH 
HH 
Z 
7,47 
Z 
Z 
Z 
Z 
HH 
HH 
HH 
HH 
8,48 
Z 
Z 
Z 
HH 
Z 
Z 
Z 
Z 


9,49 
Z 
Z 
Z 
HH 
Z 
Z 
Z 
HH 


10, 50 
Z 
Z 
Z 
HH 
Z 
Z 
HH 
Z 


11,51 
Z 
Z 
Z 
HH 
Z 
Z 
HH 
HH 


12,52 
Z 
Z 
Z 
HH 
Z 
HH 
Z 
Z 


13,53 
Z 
Z 
Z 
HH 
Z 
HH 
Z 
HH 
14,54 
Z 
Z 
Z 
HH 
Z 
HH 
HH 
Z 


15,55 
Z 
Z 
Z 
HH 
Z 
HH 
HH 
HH 


16,56 
Z 
Z 
HH 
Z 
Z 
Z 
Z 
Z 


17,57 
Z 
Z 
HH 
Z 
Z 
Z 
Z 
HH 


18,58 
Z 
Z 
HH 
Z 
Z 
Z 
HH 
Z 


19, 59 
Z 
Z 
HH 
Z 
Z 
Z 
HH 
HH 
20,60 
Z 
Z 
HH 
Z 
Z 
HH 
Z 
Z 


21,61 
Z 
Z 
HH 
Z 
Z 
HH 
Z 
HH 
22,62 
Z 
Z 
HH 
Z 
Z 
HH 
HH 
Z 


23,63 
Z 
Z 
HH 
Z 
Z 
HH 
HH 
HH 


24,64 
Z 
HH 
Z 
Z 
Z 
Z 
Z 
Z 


25,65 
Z 
HH 
Z 
Z 
Z 
Z 
Z 
HH 
26,66 
Z 
HH 
Z 
Z 
Z 
Z 
HH 
Z 


27,67 
Z 
HH 
Z 
Z 
Z 
Z 
HH 
HH 
28, 68 
Z 
HH 
Z 
Z 
Z 
HH 
Z 
Z 


29,69 
Z 
HH 
Z 
Z 
Z 
HH 
Z 
HH 


30,70 
Z 
HH 
Z 
Z 
Z 
HH 
HH 
Z 


31,71 
Z 
HH 
Z 
Z 
Z 
HH 
HH 
HH 


32,72 
HH 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


33, 73 
HH 
Z 
Z 
Z 
Z 
Z 
Z 
HH 
34,74 
HH 
Z 
Z 
Z 
Z 
Z 
HH 
Z 


35, 75 
HH 
Z 
Z 
Z 
Z 
Z 
HH 
HH 


36,76 
HH 
Z 
Z 
Z 
Z 
HH 
Z 
Z 


37, 77 
HH 
Z 
Z 
Z 
Z 
HH 
Z 
HH 


38, 78 
HH 
Z 
Z 
Z 
Z 
HH 
HH 
Z 


39,79 
HH 
Z 
Z 
Z 
Z 
HH 
HH 
HH 


SYMBOL 
PARAMETER 
LIMITS 
UNIT 


MIN 
TYP 
MAX 


VIHH 
Program-level input voltage 
11.5 
111.75 
12 
V 


Output Program Pulse 
50 


IIHH 
Program-level input current 
00. UR 
50 
mA 


All Other Inputs 
5 


ICCH 
Program Supply Current 
400 
mA 


Tp 
Program Pulse Width 
10 
50 
I'S 


to 
Delay time 
100 
ns 


tov 
Delay Time to Verify 
100 
I'S 


Program Pulse duty cycle 
25 
% 


Vp 
Verify-Protect-Input voltage 
20 
21 
22 
V 


Ip 
Verify-Protect-input 
current 
400 
mA 


Tpp 
Verify-Protect Pulse Width 
20 
50 
msec 


00 


V,L 


VIHH 


I. LlR. 
A 
VIH 


V,L 


Vcc 


5.0V 


VIHH 


VOH 


0 


VOL 


V,H 


CLOCK 


V,L 


PAL 
PAL 
DESIGN 
SPECIFICATION 


PART 
NUMBER 
I 
I 
USER'S 
PART 
NUMBER 
REV 
NAME 
DATE 


TITLE 


COMPANY, 
CITY, 
STA TE 


PIN 
1 
PIN 2 
PIN 3 
PIN 4 
PIN 5 
PIN 6 
GND 


PIN 7 
PIN 8 
PIN 9 
PIN 
10 
PIN 
11 
PIN 
12 


PIN 
13 
PIN 
14 
PIN 
15 
PIN 
16 
PIN 
17 
PIN 
18 
VCC 
PIN 
19 
PIN 20 
PIN 21 
PIN 22 
PIN 23 
PIN 24 


EOUATIONS 


EQUAL 


: = 
REPLACED 
BY 
+ 
OR 
* 
AND 
:+: 
XOR 
:*: 
XNOR 
I 
COMPLEMENT 
( 
) 
THREE-STATE 


HIGH 


LOW 


CLOCK 


IRRELEVANT 


Hard Array Logic Family 
HAL Series 20 Data Sheet 


• 
Gate 
array 
equivalent 
of up to 200 gates. 


• 
Semi-custom 
solution 


• 
Reduces 
SSI/MSI 
chip 
count 
greater 
than 
4 to 1. 


• 
Prototype 
using 
field-programmable 
version 
- 
PAL. 


• 
Cost 
savings 
up to 40% compared 
to PAL. 


• 
Security 
link 
disabled 
for design 
secrecy. 


• 
Test 
and 
simulation 
made 
simple 
with 
PALASM 
Function 


Table. 


• 
Saves space 
with 
20-pin 
SKINNYDIP'· 
packages. 


• 
Power 
consumption 
is directly 
proportional 
to logic 


complexity. 


Description 


The 
HAL 
family 
utilizes 
standard 
Low-Power 
Schottky 
TTL 


process 
and 
automated 
mask 
pattern 
generation 
directly 
from 
logic 
equations 
to provide 
a semi-custom 
gate array for 


replacing 
conventional 
SSI/MSI 
gates 
and 
flip-flops 
at re- 
duced 
chip 
count. 


The 
family 
lets tr,e systems 
engineer 
"design 
his own 
chip" 


by AND 
and OR gates 
to perform 
his desired 
logic 
function. 


Complex 
Interconnections 
which 
previously 
required 
time- 


consuming 
layout 
are thus 
"lifted" 
from 
PC board 
etch 
and 


placed 
on silicon 
where 
they 
can be easily 
modified 
during 


prototype 
check-out 
or production. 


The 
HAL 
transfer 
function 
IS the 
familiar 
sum 
of products. 


Like the ROM, the HAL has a Single array of selectable 
gates, 


Unlike 
the ROM. the HAL is a selectable 
AND array driving 
a 
fixed 
OR 
array 
(the 
ROM 
IS a fixed 
AND 
array 
driving 
a 


selectable 
OR 
array). 
In 
addition 
the 
HAL 
provides 
these 


options: 


• 
Variable 
Input 
output 
pin 
ratio 


• 
Programmable 
three-state 
outputs 


• 
Registers 
with 
feedback 


• 
Arithmetic 
capability 


Unused 
Inputs 
are tied directly 
to VCC or GND. Product 
terms 
with all fuses blown 
assume the logical 
high state, and product 


terms 
connected 
to both 
true and complement 
of any single 


Input assume the logical 
low state, Registers 
consist 
of D type 
flip-flops 
which 
are loaded 
on the low-to-high 
transition 
of the 


clock. 
HAL 
Logic 
Diagrams 
are shown 
with 
all fuses blown, 
enabling 
the designer 
to use the diagrams 
as coding 
sheets. 


To deSign 
a HAL, 
the user first programs 
and debugs 
a PAL 


uSing 
PALASM 
and 
the 
"PAL 
DESIGN 
SPECIFICATION" 
standard 
format. 
This specification 
is submitted 
to Monolithic 
MemOries 
where 
It is computer 
processed 
and assigned 
a bit 


pattern 
number. 
e.g. 
P01234. 


PART 
PKG 
DESCRIPTION 
NUMBER 


HAL10H8 
J,N,F 
Octal 10lnput 
And-Or 
Gate Array 


HAL12H6 
J,N,F 
Hex 
121nput And-Or 
Gate Array 


HAL14H4 
J,N,F 
Quad 141nput And-Or Gate Array 


HAL16H2 
J,N,F 
Dual 
161nput And-Or 
Gate Array 


HAL16e1 
J.N.F 
161nput And-Or/And-Or-lnvert 
Gate Array 


HAL10L8 
J,N,F 
Octal 10 Input And-Or-Invert 
Gate Array 


HAL12L6 
J.N.F 
Hex 
121nput And-Or-Invert 
Gate Array 


HAL14L4 
J,N,F 
Quad 141nput And-Or-Invert 
Gate Array 


HAL16L2 
J.N.F 
Dual 
161nput And-Or-Invert 
Gate Array 


HAL16L8 
J.N,F 
Octal 161nput And-Or-Invert 
Gate Array 


HAL16R8 
J.N.F 
Octal 161nput Registered And-Or Gate Array 


HAL16R6 
J,N,F 
Hex 
161nput Registered And-Or Gate Array 


HAL16R4 
J,N,F 
Quad 161nput Registered And-Or Gate Array 


HAL16X4 
J,N,F 
Quad 16Input RegisteredAnd-Or-Xor Gate Array 


HAL16A4 
J,N,F 
Quad 161nput Registered And-Carry-Or-Xor Gate 


Monolithic 
Memories accepts the PAL DESIGN SPECIFICATION 


in one of three 
forms: 


1. Computer 
generated 
listing 


2. Typed 
or hand-written 
forms 
F109 and F110. See example 


on pages 6-7 and forms 
on pages 23-24. 


3. Direct 
online 
data 
transmission 
to 
Monolithic 
Memories 


Timeshare 
computer 
system via telephone 
(local telephone 


network 
to 
major 
US cities, 
London 
and 
Paris) 
or TWX 


(online 
Boston 
TWX 
no.). 


Monolithic 
Memories 
will provide 
a PAL sample 
for customer 


qualification. 
The 
user 
then 
submits 
a purchase 
order 
for a 


HAL of the specified 
bit pattern 
number, 
e.g. HAL 14L4 P01234, 


See Ordering 
Information 
below. 


HARD 
AARAY 
lOGIC 
FAMilY 


NUMBER 
OF 
ARRAY 
INPUTS 


OUTPUT 
YPE 
H = ACTIVE 
HIGH 


l 
= ACTIVE 
LOW 


C = COMPLEMENTARY 
R = REGISTERED 
X 
::: EXCLUSIVE-OR 
REGISTERED 


A = ARITHMETIC 
REGISTERED 


NUMBER 
OF 
OUTPUTS 


TEMPERATURE 
RANGE 


c= 
OC TO 
+75C 


M ~ -55C 
TO 
+125C 
(CASE 
TEMPERATURE) 


~--- 
__ 
PACKAGE 
N = PLASTIC 
DIP 


J = CERAMIC 
DIP 


F 'FLAT 
PACK 


~ 


OPTIONAL 
HI-REL 
PROCESSING 


113' 
MIL-STD-883, 


METHOD 
5004 
& 5005 
LEVEL 
B 


•• 3C = MIL-STD-"3. 


METHOD 
5004 
& 5005 
LEVEL 
C 


B ' MIL-STD-883. 
METHOD 
5004 
EOUIVALENT 


C ~ MIL-STD-883, 
METHOD 
5004 
EOUIVALENT 
r BIT 
PATTERN 
NUMBER 


HAL14 [4 cJ 8838 
P01234 


Monollthlo~mn 
MemorIes uun.u 
1165 East Arques Avenue, Sunnyvale, 
CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 


7-18 


Absolute M8ximum A8tings 
Operating 


~U:~'~~I~~:;e: 
V.CC.. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . 5:5~ 


Off-state 
output 
Voltage 
......................•................•....•.....•.....•.................................. 
5.5V 
Storage 
temperature 
.....................•...........................•....•............•................ 
-650 
to 
+150°C 
Oper8ting Conditions 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


Low 
25 
10 
25 
10 
tw 
Width 
of clock 
ns 


High 
25 
10 
25 
10 


Set 
up 
time 
from 
16R8 
16R6 
16R4 
45 
25 
35 
25 


tsu 
ns 
input 
or feedback 
16X4 
16M 
55 
30 
45 
30 


th 
Hold 
time 
0 
-15 
0 
-15 
ns 


TA 
Operating 
free-air 
temperature 
-55 
0 
5 
75 
°C 


TC 
Operating 
case 
temperature 
125 
°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN TYPtt MAX 
UNIT 


VIL * 
Low-level 
input 
voltage 
08 
V 


VIH * 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= 
MIN 
II = 
-18mA 
-0.8 
-1.5 
V 


IlL 
Low-level 
input 
current t 
VCC 
= 
MAX 
VI = 
O.4V 
-0.02 
-0.25 
mA 


IIH 
High-level 
input 
current t 
VCC 
= 
MAX 
VI = 
2.4V 
25 
IJA 


II 
Maximum 
input 
current 
VCC 
= 
MAX 
VI = 
5.5V 
1 
mA 


1OH8. 12H6, 14H4 
MIL 


VCC 
= 
MIN 
16H2, 16C1, 10L8 
10L 
= 
8mA 


12L6, 14L4, 
16L2 
COM 


VOL 
Low-level 
output 
voltage 
VIL 
= 
0.8V 
0.3 
0.5 
V 
16L8 
16R8 
MIL 
10L 
= 
12mA 


VIH 
= 
2V 
16R6 
16R4 
16X4 
16M 
COM 
10L 
= 
24mA 


VCC 
= 
MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 
0.8V 
2.4 
2.8 
V 


VIH 
= 
2V 
COM 
10H 
= 
-32mA 


10ZL 
VCC 
= 
MAX 
16L8 
16R8 
Vo 
= 
0.4V 
-100 
IJA 


Off-state 
output 
current t 
VIL 
= 
0.8V 
16R6 
16R4 


10ZH 
VIH 
= 
2V 
16X4 
16M 
Vo 
= 
2.4V 
100 
IJA 


10S 
Output 
short-circuit 
current * * 
VCC 
= 
5V 
Vo 
= 
OV 
-30 
-70 
-130 
mA 


10H8, 12H6, 14H4, 16H2, 16C1 
55 
90 
10L8, 
12L6, 14L4, 16L2 


ICC 
Supply 
current 
VCC 
= 
MAX 
16R4, 
16R6, 
16R8, 
16L8 
See Table 
1 
180 
mA 


16X4 
160 
225 


16M 
170 
240 


t 
10 pin leakagelsll1eworslcaseof 
'OZX or IIX 
e 9 
IlL and 
IOZH 
tt 
All typical 
values are at VCC • SV, TA 
• 2S"C. 


• 
These are absolute 
'Voltages with respect to pin 10 on the device and includes all overshoots 
due to system and/or 
tester noise. 


Do not attempt 
to test these values 'without 
suitable 
equipment. 


* * Only one output shorted at a lime 


Switching Characteristics 


Over Operating Conditions 


SYMBOL 
PARAMETER 
TEST 
MILITARY 
COMMERCIAL 
UNIT 
CONDITIONS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


10H8 
12H6 
14H4 


Input to 
16H2 
10L8 
12L6 
Rl 
= 5600 
25 
45 
25 
35 
tpD 
R2 = 1.lkO 
ns 


output 
14L4 
16L2 


16Cl 
25 
45 
25 
40 


tpD 
Input or feed- 
16R6 
16R4 
16L8 
25 
45 
25 
35 


back to output 
ns 
16X4 
16A4 
30 
45 
30 
40 


tCLK 
Clock to output or feedback 
15 
25 
15 
25 
ns 


tpZy 
Pin 11 to output enable 
15 
25 
15 
25 
ns 


tpxz 
Pin 11 to output disable 
Rl = 2000 
15 
25 
15 
25 
ns 


Input to 
16R6 
16R4 
16L8 
R2 =3900 
25 
45 
25 
35 
tplz X 
ns 
output enable 
16X4 
16A4 
30 
45 
30 
40 


tpxz 
Input to 
16R6 
16R4 
16L8 
25 
45 
25 
35 
output disable 
16A4 
ns 
16X4 
30 
45 
30 
40 


Maximum 
16R8 
16R6 
16R4 
14 
25 
16 
25 
MHz 
fMAX 
frequency 
16X4 
16A4 
12 
22 
14 
22 


NUMBER OF 
HAL16L8, 16R4 
HAL16X4 
HAL16A4 
PRODUCT TERMS 
16R6, 16R8 


0 
99 
97 
108 


1-4 
101 
101 
113 


5-8 
104 
106 
117 


9-12 
106 
110 
122 


13-16 
108 
115 
126 


17-20 
110 
119 
131 


21-24 
113 
124 
135 


25-28 
115 
128 
140 


29-32 
117 
133 
144 


33-36 
119 
137 
149 


37-40 
122 
142 
153 


41-44 
124 
146 
158 


45-48 
126 
151 
162 


49-52 
128 
155 
167 


53-56 
131 
160 
171 


57-60 
133 
164 
176 


61-64 
135 
169 
180 


TITLE 
MOUO\-'"T~C. 
,",,~O~E<;., 
CA<A~Oe""'A 


COMPANY, 
CITY, 
STA TE 


C 
0 
F 
c:. 
M 
PIN 1 
PIN 2 
PIN 3 
PIN 4 
PIN 5 


\J 
P 
Q. 
1: 
GND 
PIN 6 
PIN 7 
PIN 8 
PIN 9 
PIN 
10 


J 
~ 
\.. 
'C. 
0 
PIN 
11 
PIN 
12 
PIN 
13 
PIN 
14 
PIN 
15 


\-\ 
e. 
'& 
A- 
VCC 
PIN 
16 
PIN 
17 
PIN 
18 
PIN 
19 
PIN 20 


EQUATIONS 
~ -/A 
:, \ t-j'lE:12."Te=Q.. 


E,.-:.c.$O 
,A>.JO GrllmS 


\-\ :l=+c. 
) On. 
G~ 


L.'=/l+/J+/~ 
) ••••~'-JO GRTe 
o = /t-I\ "'"/)o.l 
> "-JOa. 
Gr~-.e 


2':1 P_/Q 
+ IP.o. 
") XOR. 
G.-A\E 


DESCRIPTION 


\~~ 
e.,c.~~~ 
\1...L.~''''C2.A~S 
Aee~'" 
1-CX:>-\c:. 
"To 
Ifoo;\PL.6~~ 


~'S\.C.. 
e-A."TeS. 


EQUAL 
: = 
REPLACED 
BY 


+ 
OR 


* 
AND 
:+: 
XOR 
:*: XNOR 


/ 
COMPLEMENT 


( 
) 
THREE-STATE 


FUNCTION 
TABLE 


A 
'i!> 
C 
'0 
E 


PIN 
A 
PIN B 
PIN C 
PIN 0 
PIN 
E 
~ 
Co 
~ 
~ 
J 
PIN F 
PIN G 
PIN H 
PIN I 
PIN J 
~ 
l. 
"'" 
"" 
0 


PIN K 
PIN L 
PIN M 
PIN N 
PIN 0 
? 
Q. 
i2. 


PIN P 
PIN 
Q 
PIN R 


1t.JV 
"""'->0 
cuI, 
'-J~O 
~Oc. 
)(.OR. 


COMMENT 


;.A 
& ~ 
~ 
§....E. 
<::r..!:l ~ 
~ 
~ 
...!:.. ~ 
~ 
...Q.. 
~ 
~ 
2- 


ABC 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 


~~~~~~~~~~~~X~A~~A 


~~~~X~b~~~A~~~~~~~ 


~~~~~2A~~~~£AX~~X~ 


~~~~~~~~XA~~~XX~~~ 
~~~~~L~~~~~~~~~A~X 
~~~A~~K~~~~~~~A~~b 


A~~~~~~~~A~~~AA~~~ 


~X~~~~~~~~~~~~~X~~ 
X~A~~~~~X~A~~~XX~~ 


~~~X~~~~1~~~AX~~~~ 
~~~~~~~~~~~RAX~AXX 
~A~~~A~~b~~~~XX~XX 
~XA~~ixA~~~~~AAXXX 


XK~~~iX~~~~~~~~~~~ 
~X~X~xxX~~~~~~XXXX 
~~~~~XXXXX~~~~~X~~ 
~~XX~~XXX~K~~~~~~~ 
~X~~AXXXXX~~~~~XX~ 
~~~XAXX~XXA~~~~~~~ 


~~~X~~~~XX~~~X~~~~ 


C 
CLOCK 


X 
IRRELEVANT 
H 
HIGH 
L 
LOW 


O~ 
oe 


I 


I 


0 
- 
" 
I 


1 


•... 


, 
18 
, 


3 
~ 
•.. 
. 


16 
17 


11 
~ 


4 
~ 
•.. 


" 
- 


16 
" 
~ 


, 
L 
•.. 


32 
15 


JJ 


6 


•... 


" 
- 
14 
.. 
~ 


7 
~ 
-... ~ 
•.. 


.. 
13 
" 
, 


" 
- 
11 
" 
~ 


, 
~ 


4' 


11 


•... 
""'" 


~~ 
•.. 


2 


...• 
" 
~ 
•.. 
.. 


• 
. 
J- 
, 
18 


10 
" 
'-' 
\ 


j 
•.... 


16 
11 
" 
'-' 


• 
•.. 


14 
J-"-1 
16 


" 


5 
•.... 


Jl 
- 
15 
II 


, 


" 
14 


41 


'-- 
•.. 


48 


'" 
.. 
13 


50 
j 


" 
~ 


8 
~ 
12 
~ 
.. 
..• 


, 
•.. 
~ 
~ 
--.r 
11 
.. 
..• 


1 
.. 


2 
..~ 


3 
~ 
...• 
19 


..• 


4 
...• 
18 
... 
..• 


" 


"" 
11 
17 
\I 
" 


5 
.. 
... 


24 
~ 


25 
""" 
16 


26 
./ 


11 


3l 


"'" 
JJ 
IS 


34 
./ 


" 
, 
.. 


40 


"" 
.. 
14 
., 
4J 


7 
...• 
13 
... 
..• 


8 
.. 
....• 
12 
~ 
•.. 
~ 


, 
.. 
...• 
11 
... 
~ 


1 
"lo 
•... 


~ 
~ 
" 
•... 
...• 


) 
..• 
18 


•... 
...• 


~ 
..• 
11 
•... 
...• 


14 
" 
16 
.....•• 
16 
" 
18 
./ 


19 
30 


JI 
, 
~ 
•... 


12 
13 
l4 
" 
, 
" 
" 
3J 
1I 
" 


6 


L 
... 
14 
•.. 
"" 


) 
•... 
..• 
11 


•... 
...• 


, 
•... 
..• 
11 
•... 
"" 


9 
•... 
..• 
11 
.. 
~ 


1 
~ 
~ 


2 
•.. 
~ 
19 
~ 
...• 


~ 
..~ 
..• 
18 


..• 


• 
•. 
..• 
17 
..• 


14 
"" 
27 
18 


29 


JO 


JI 
16 
5 
~ 
1 
.. 
15 


J2 


Jl 
" 
35 


16 


Jl 
JI 
" 


6 
.. 
..• 
,. 


..• 


7 
•. 
... 
'3 
.. 
...• 


8 
•.. 
...• 
12 


...• 


9 
•. 
..• 
11 
.. 
..• 


1 
•.. 
I 


-----1 


0 
..r 
" 
1 


1 
~ 
-----1 .. 


I 
~ 
18 
, 


J 
~ 
•.. 


" 
..r 
17 


11 


4 
~ 
--1 


Z4 
16 


25 


5 
•.. 
.. 


l2 
15 


3l 
~ 


6 
.. 


" 


14 
41 


7 
.. 


•• 
13 
•• 


8 
~.. 


•• 
0 


11 


" 
~ 


9 
~ 


11 
.. 
~ 


1 
I 


2 
~ 
..• 


19 


•.. 
...• 


• 
. 


9 
....•. 
18 


10 
/ 


11 
'-' 
~ 


3 
~ 
•.. 


16 
17 


11 
~ 


• 
.. 


24 
16 


25 


5 
..•. 


Jl 
15 


JJ 
'-' 


6 
~ 


40 
1.-l" --f""'. . 


" 
41 


!- 
~ 
•.. 


•• 
- 
J 


49 
....•. 
13 


" 
~ 


51 
~ 


8 
~ 
~ 
12 
.. 
...• 


9 
~ 
~ 
11 


•.. 
..• 


1 
.. 
•.. 


~ 
.... 


J 
•... 
..• 
19 
.. 
...• 


, 
.. 


18 


•.. 
...• 


16 


"" 
" 
J- 
17 


" 
/ 
" 


; 
.. 
•.. 


14 
" 
" 


16 


16 
"'- J j 


21 


J1 
- 


lJ 
" 


15 


" 
./ 


" 


6 
.. 


.. 


"" 
.. 
" 
" 
./ 


" 
'--' 


7 
.. 
. 
IJ 
-------t•.. 
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HAL 


PART 
NUMBER 
I I 
DATE 


PIN 4 
PIN 5 
GND 


PIN 9 
PIN 
10 


PIN 
14 
PIN 
15 
VCC 


PIN 
19 
PIN 20 


EQUAL 
: = 
REPLACED 
BY 
+ 
OR 
* 
AND 
:+: 
XOR 
:*: XNOR 


/ 
COMPLEMENT 


( 
) 
THREE-STATE 


H 
HIGH 
L 
LOW 
C 
CLOCK 


X 
IRRELEVANT 


• Gate array equivalent of up to 300 gates. 


• Semi-custom solution 


• Reduces SSI/MSI chip count greater than 5 to 1 


• Prototype using field-programmable version - 
PAL. 


• Cost savings up to 40"10 compared to PAL 


• Security link disabled for design secrecy. 


• Test and simulation made simple with PALASM Function 


Table 


• Saves space with 24-pin SKINNYDIP'· packages 


The 
HAL 
family 
utilizes 
standard 
Low-Power 
Schottky 
TTL 


process 
and automated 
mask pattern 
generation 
directly 
from 


logic 
equations 
to 
provide 
a 
semi-eustom 
gate 
array 
for 


replacing 
conventional 
SSIIMSI 
gates and flip-flops 
at reduced 


chip 
count. 


The family 
lets the systems 
engineer 
"design 
his own chip" 
by 
AND 
and 
OR 
gates 
to 
perform 
his 
desired 
logic 
function. 


Complex 
interconnections 
which 
previously 
required 
time- 


consuming 
layout 
are 
thus 
"lifted" 
from 
PC board 
etch 
and 
placed 
on 
silicon 
where 
they 
can 
be easily 
modified 
during 
prototype 
check-out 
or production. 


The HAL transfer 
function 
is the familiar 
sum of products. 
Like 
the ROM, the HAL has a single array of selectable 
gates. Unlike 
the ROM, the HAL is a selectable 
AND array driving 
a fixed OR 


array 
(the 
ROM 
is a fixed 
AND 
array driving 
a selectable 
OR 


array). 
In addition 
the HAL 
provides 
thee options: 


• 
Variable 
input/output 
pin 
ratio 


• 
Programmable 
three-state 
outputs 


• 
Registers 
with 
feedback 


• 
Exclusive-OR 
gates 


Unused 
inputs 
are tied directly 
to VCC 
or GND. 
Product 
terms 
with 
all fuses blown 
assume 
the logical 
high state, and product 


terms 
connected 
to both 
true 
and complement 
of any single 


input 
assume 
the logical 
low state. Registers 
consist 
of D type 
flip-flops 
which 
are loaded 
on the low-to-high 
transition 
of the 
clock. 
HAL 
Logic 
Diagrams 
are shown 
with 
all fuses 
blown, 
enabling 
the designer 
to use the diagrams 
as coding 
sheets. 


PART 
PKG 
DESCRIPTION 
NUMBER 


HAL 12L10 
J,N,F 
Deea 121nput And-Or-Invert 
Gate Array 


HAL 14L8 
J,N,F 
Octal 
141nput And-Or-Invert 
Gate Array 


HAL 16L6 
J,N,F 
Hex 
161nput And-Or-Invert 
Gate Array 


HAL 18L4 
J,N,F 
Quad 181nput And-Or-Invert 
Gate Array 


HAL20L2 
J,N,F 
Dual 
20lnput 
And-Or-Invert 
Gate Array 


HAL20C1 
J,N,F 
20 Input And-Or/ And-Or Invert Gate Array 


HAL20L 10 
J,N,F 
Deea 20 Input And-Or-Invert 
Gate Array 


HAL20X10 
J,N,F 
Deea 20 Input Registered And-Or-Xor Gate Array 


HAL20X8 
J,N,F 
Octal 20Input Registered And-Or-Xor Gate Array 


HAL20X4 
J,N,F 
Quad 20 Input Registered And-Or-Xor Gate Array 


To design 
a HAL, 
the user first 
programs 
and debugs 
a PAL 
using 
PALASM 
and 
the 
"PAL 
DESIGN 
SPECIFICATION" 


standard 
format. 
This 
specification 
is submitted 
to Monolithic 


Memories 
where 
it is computer 
processed 
and assigned 
a bit 


pattern 
number, 
e.g., P01234. Monolithic 
Memories 
accepts 
the 


PAL 
DESIGN 
SPECIFICATION 
in one 
of three 
forms: 


1. Computer 
generated 
listing. 


2. Typed 
or hand-written 
forms 
F107 and F108. See example 
on 


pages '7-30, 7-31 and forms 
on pages 
7-42 and 
7-43. 


3. Direct 
online 
data 
transmission 
to 
Monolithic 
Memories 


Timeshare 
computer 
system 
via telephone 
(local 
telephone 
network 
to 
major 
US 
cities, 
London 
and 
Paris) 
or 
TWX 
(online 
Boston 
TWX 
no.). 


Monolithic 
Memories 
will 
provide 
a PAL sample 
for customer 
qualification. 
The user then submits 
a purchase 
order for a HAL 
of the specified 
bit pattern 
number, 
e.g., HAL18L4 
P01234. See 
Ordering 
Information 
below. 


Ordering Information 


HARD ARRAY 
LOGIC 
FAMILY 


NUMBER 
OF ARRAY 
INPUTS 


OUTPUT 
TYPE 


L = ACTIVE 
LOW 


C = COMPLEMENTARY 
X = EXCLUSIVE-OR 
REGISTERED 


NUMBER 
OF OUTPUTS 


TEMPERATURE 
RANGE 


C = 
OC TO +75C 


M = -55C 
TO +125C (CASE 
TEMPERATURE) 


PACKAGE 
N = PLASTIC 
DIP 


J = CERAMIC 
DIP 


F= FLAT PACK 


r----OPTIONAL 
HI-REL 
PROCESSING 


883B = MIL-STD-883, 


METHOD 
5004 & 5005 LEVEL 
B 


883C = MIL-STD-883, 


METHOD 
5004 & 5005 LEVEL 
C 


B = MIL-STD-883, 


METHOD 
5004 EOUIVALENT 


C = MIL-STD-883, 


METHOD 
5004 EOUIVALENT 
r BIT PATTERN 
NUMBER 


HAL 18 L4 CJ 8838 P01234 


1165 EastArques Avenue. Sunnyvale. CA 94086 
Tel: (408)739-3535 
TWX: 910-339-9229 


7·42 


MonolIthIc ~1!n 
MemorIes 
InJrW 


Oper8tlng 
ProgrMtmlng 
Supply Voltage, VCC 
............................••.....•............................................ 
7 
12V 
Input Voltage 
............................•.....• 
, 
, .....................•...... 
5.5V 
12V· 
Off-state output Voltage 
....•..............•.....•......•.............••.....................•...... 
5.5V 
12V 
Storage temperature 
. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . • . . . . . . . . . . . . . . . .. 
-65° to +150" C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 
I Low 
40 
20 
35 
20 
tw 
Width of clock 
ns 
I High 
30 
10 
25 
10 


tsu 
Set up time 
60 
38 
50 
38 
ns 
th 
Hold time 
0 
-15 
0 
-15 


TA 
Operating free air temperature 
-55 
0 
75 
°c 


TC 
Operating case temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPtt 
MAX 
UNIT 


VIL 
Low-level input voltage 
0.8 
V 


VIH 
High-level input voltage 
2 
V 


VIC 
Input clamp voltage 
VCC 
= MIN 
II = -18mA 
-0.8 
-1.5 
V 


IlL 
Low-level input current t 
VCC 
= MAX 
VI = O.4V 
-0.02 
-0.25 
mA 


IIH 
High-level input current t 
VCC 
= MAX 
VI = 2.4V 
25 
IJA 


II 
Maximum input current 
VCC 
= MAX 
VI = 5.5V 
1 
mA 


VCC 
= MIN 
12L10. 14L8, 16L6 
10L = 8mA 
18L4, 20L2, 20C1 
VOL 
Low-level output voltage 
VIL 
= 0.8V 
0.3 
05 
V 


20L10, 20X10 
MIL 
'OL 
= 12mA 
V'H 
= 2V 
20X8,20X4 
COM 'OL - 24mA 


VCC 
= MIN 
'OH = -2mA 
MIL 


VOH 
High-level output voltage 
VIL 
= 0.8V 
2.4 
2.8 
V 


VIH 
= 2V 
10H = -3.2mA 
COM 


10ZL 
VCC 
= MAX 
Va 
= 0.4V 
-100 
IJA 
Off-state output current t 
VIL 
= 0.8V 


10ZH 
V1H 
= 2V 
Va 
= 2.4V 
100 
IJA 


10S 
Output short-<:ircuit current * * 
VCC 
= 5V 
Va 
= OV 
-30 
-70 
-130 
mA 


12L10, 14L8, 16L6, 
60 
100 
ICC 
Supply current 
VCC = MAX 


18L4, 20L2, 2OC1 


mA 
2OX4, 20X8, 20X10 
120 
180 


2OL10 
90 
165 


t 
I/O pin leakage is the worst case ollOZX 
or IIX e.g. 'IX and IOZH 


tt 
AlityPlcalvaluesareatVCC=SV,TA 
= 2S"C. 


* Pins 1 and 13 may be raised to 22V max. 
* * Only one output shorted at a time. 


Switching 
Characteristics 


Over Operating Conditions 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


12L10, 14L8. 


tpo 


Input to 
16L6. 
18L4. 
R1 = 5600 
25 
45 
25 
40 
ns 
output 
20L2. 
20C1 
R2 = 1.1kO 


tpo 
Input or feedback to output 
35 
60 
35 
50 
ns 


tCLK 
Clock to output or feedback 
20 
35 
20 
30 
ns 


Pin 13 to output enable 
20L10. 20X10 


tpzx 
20 
45 
20 
35 
ns 


Pin 13 to output disable 
20X8.20X4 
20 
45 
20 
35 
tpxz 
ns 


tpzx 
Input to output enable 
R1 = 2000 
35 
55 
35 
45 
ns 


tpxz 
Input to output disable 
R2 = 3900 
35 
55 
35 
45 
ns 


fMAX 
Maximum frequency 
10.5 
16 
12.5 
16 
MHz 


", 


OUTPUT 
TEST POINT 


"2 
T sOpF 


~ 


U:>t:H:> I'AH I NUMtlt:H 
REV 
NAME 
DATE 
WOW•• \... J2E4\STe~ 


TITLE 
"'\Ml 
~u~ •.W'lAL.S 
I CA 


COMPANY, 
CITY, 
STA TE 
C'" 
DO 
1>\ 
1>'2 
1>'!- 
p4 
PIN 
1 
PIN 2 
PIN 3 
PIN 4 
PIN 5 
PIN 6 


~ 
0<, 
07 
De 
Ao 
GND 


PIN 7 
PIN 8 
PIN 9 
PIN 
10 
PIN 
11 
PIN 
12 
loe 
NC 
Q8 
07 
Q7 
Qs 
PIN 
13 
PQ3 
4 
PIN 
15 
PIN 
16 
PIN 
17 
PIN 
18 


Q4 
Q2. 
Q\ 
QO 
VCC 
PIN 
19 
PIN 20 
PIN 21 
PIN 22 
PIN 23 
PIN 24 


/00 : = I 00 •. ILD 
) Ho...o QO 


EQUATIONS 
+ /00 ~ 
; LOAD 00 
LO 


LQ\ 
:= / Q\ 
'Jf /LD 
2 \-\ou:> QI 


+1 0\ "" LO 
; LoA.D 01 


/Q'2 
:: I Q~ ,.. IL.O 
; ~OLO 
Q2. 


+/ '02.. 
\..0 
; 1-0)\0 D2- 


/Q?> 
:·/Q~ 
./\"D 
) "o\-o Q3 


;-1'03 '*" 
LO 
; LOAD !)~ 
104- 
:~/Q4. ./LO 
;~'-C 
Q4 
+/'04- •. 
LO 
) LOAD 04 


/QS 
::/05 
*"'/LO 
; \ok)L.D QS 


+/ os .- 
LO 
:. LOAD 
O~ 


IOto 
:"'/QiD 
-./\..O 
; \\oL.O Q<D 


+/D~ 
•• 
L.D 
~ LOAD 'O~ 


/Q7 
:-s/Q7 
ta / \..0 
;~Q7 


+/'07 ••• 
LD 
; \-OAt) 07 


IQe 
: =-/Qe> 
•. I LO 
~ "-Ol-O 08 


4-/08 •. 
LO 
;LMO OS 


DESCRIPTION: 


,..~ 
t-Jo •...u..\... u.6-\-:'~ 
LS ~ 
CVC\T 
~e.t;.\t;.Te~ 
~"T 
Lo~gs 
~ 
'OA-m 


\~~ 
\F 
L.OA.O 
L-'~ 
I'" SEC••e::tEo 
O~L'!.e 
~ 
~ 
~\Ot~ 
C>A"". 


EQUAL 
: = 
REPLACED 
BY 
+ 
OR 
* 
AND 
:+: 
XOR 
:*: 
XNOR 


/ 
COMPLEMENT 


( 
) 
THREE-STATE 


FUNCTION 
TABLE 


CK. 
oe. 
l..O 
oe 
"07 
U" 


PIN 
A 
PIN 
B 
PIN 
C 
PIN 
0 
PIN 
E 
PIN 
F 
01So 
t>4= 
1)3 
0'2 
01 
po 


PIN 
G 
PIN 
H 
PIN 
I 
PIN 
J 
PIN 
K 
PIN 
L 
Q8 
Q7 
QCp 
QS 
Q4 
Q~ 


PIN 
M 
PIN 
N 
PIN 
0 
PIN 
P 
PIN 
Q 
PIN 
R 
Q!2 
Q\ 
GO 


PIN 
S 
PIN 
T 
PIN 
U 
PIN 
V 


~Ot\p.. 
\N 
pp..-n., 
O\...tI" 


COMMENT 
~OLOOOOOODODQQQQQQQaa 
;K 
§... Q.. 6 2- ..£. 2. 4:...1 Z. ...L .Q 13..::L 1A....s.. .!!:.. ~ 
~ 
L 0 _ 


ABCOEFGHI 
JKLMNOPQRSTUV 


~ 
.J.. ~ 
~ 
~ 
A. ~ 
lL X. .2t A 
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COMPANY, 
CITY, 
STATE 
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1 
PIN 2 
PIN 3 
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PIN 5 
PIN 6 
GND 
PIN 7 
PIN 8 
PIN 9 
PIN 
10 
PIN 
11 
PIN 
12 


PIN 
13 
PIN 
14 
PIN 
15 
PIN 
16 
PIN 
17 
PIN 
18 
VCC 
PIN 
19 
PIN 20 
PIN 21 
PIN 22 
PIN 23 
PIN 24 


EOUATIONS 


EQUAL 


: = 
REPLACED 
BY 
+ 
OR 
* 
AND 
:+: 
XOR 
:*: 
XNOR 


/ 
COMPLEMENT 


( 
) 
THREE-STATE 


HIGH 


LOW 


CLOCK 


IRRELEVANT 


Octal Counter 
SN54/74LS461 


• 
Octal 
counter 
for 
mlcroprogram-counter, 
OMA 
controller 


and 
general 
purpose 
counting 
applications 


• 
a bits match 
byte 
boundaries 


• 
Bus-structured 
pinout 


• 
24-pin 
Skinny 
DIP!' 
saves space 


• 
3-state 
outputs 
drive 
bus lines 


• 
Low 
current 
PNP 
inputs 
reduce 
loading 


• 
Expandable 
in a·bit 
Increments 


Description 


The LS461 is an B-bit synchronous 
counter 
with 
parallel 
load. 


clear. 
and 
hold 
capability. 
Two 
function 
select 
inputs 
(10. '1) 
provide 
one of four 
operations 
which 
occur 
synchronously 
on 


the 
rising 
edge of the clock 
(CLK). 


The LOAD 
operation 
loads the inputs 
(DrDo) 
into the output 


register 
(OrOo)' 
The 
CLEAR 
operation 
resets 
the 
output 


register 
to all LOWs. The HOLD 
operation 
holds 
the previous 
value regardless 
of clock 
transitions. 
The INCREMENT 
opera- 


tion 
adds one to the output 
register 
when the carry-in 
input 
is 


TRUE 
(C1 = LOW). 
otherwise 
the 
operation 
is a HOLD. 
The 
carry-out 
(CO) 
is TRUE 
(CO 
= LOW) when the output 
register 


(OrOo) 
is all HIGHs. 
otherwise 
FALSE 
(CO = HIGH). 


The 
output 
register (OrOo) 
is enabled 
when OC is LOW. and 


disabled 
(HI-Z) 
when OC is HIGH. 
The output 
drivers will sink 


the 24 mA 
required 
for 
many 
bus interface 
standards. 


Two or more LS461 octal counters 
may be cascaded 
to provide 


larger' counters. 
The 
operation 
codes 
were chosen 
such 
that 


when 
11 is HIGH. 
10 may be used to select between 
LOAD and 


INCREMENT 
as in a program 
counter 
(JUMP/INCREMENT). 


OC 
CLK 
11 
10 
CI 
07-00 
°7-°0 
OPERATION 


H 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
, 
L 
L 
X 
X 
L 
CLEAR 


L 
1 
L 
H 
X 
X 
° 


HOLD 


L 
, 
H 
L 
X 
0 
0 
LOAD 


L 
1 
H 
H 
H 
X 
° 


HOLD 


L 
, 
H 
H 
L 
X 
Oplus1 
INCREMENT 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS461 
JS 
MIL 


SN74LS461 
NS. JS 
COM 


1165 Eest Arque. 
Avenue, SunnyYllle, 
CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 
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Octal Shift Register 
SN54/74LS498 


• 
Octal 
shift register 
for serial to parallel 
and parallel 
to serial 


applications 


• 
a bits match 
byte 
boundaries 


• 
Bus-structured 
pinout 


• 
24-pln 
SKINNYOIP'· 
saves space 


• 
3-state 
outputs 
drive 
bus lines 


• 
low 
current 
PNP 
inputs 
reduce 
loading 


• 
Expandable 
in a-bit 
increments 


Description 


The 
LS498 is an 8-bit 
synchronous 
shift 
register 
with 
parallel 


load 
and 
hold 
capability. 
Two 
function 
select 
inputs 
(10' 11) 


provide 
one of four 
operations 
which 
occur 
synchronously 
on 


the rising 
edge 
of the clock 
(CLK). 


The LOAD 
operation 
loads the input 
(DrOol 
into the output 


register (oroo). 
The 
HOLD 
operation 
holds 
the 
previous 


value regardless 
of clock transitions. 
The SHIFT LEFT operation 


shifts the output 
register, a, one bit to the left; 00 
is replaced 


by 
L1RO. RILO 
outputs 
07' 


The SHIFT 
RIGHT 
operation 
shifts the output 
register, A, one 


bit to the right; 07 
is replaced 
by RILO. L1RO outputs 
00' 


The 
output 
register (oroo) 
is enabled when OC is LOW, and 
disabled 
(HI-Z) 
when OC is HIGH. 
The output 
drivers 
will sink 


the 24 mA 
required 
for 
many 
bus interface 
standards. 


Two 
or more 
LS498 octal 
shift 
registers 
may 
be cascaded 
to 


provide 
larger shift registers as shown 
in the application 
section. 


- 
OC 
ClK 
11 
10 07-00 
QrQo 
OPERATION 


H 
X 
X 
X 
X 
Z 
HI-Z 
L 
1 
L 
L 
X 
L 
HOLD 
L 
t 
L 
H 
X 
SR(o) 
SHIFT 
RIGHT 
L 
1 
H 
L 
X 
SL(o) 
SHIFT 
LEFT 
L 
I 
H 
H 
0 
0 
LOAD 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS498 
JS 
MIL 


SN74LS498 
NS. JS 
COM 


MonoIlthlol!1!n 
Memories In.UW 


Multifunction Octal Register 
SN54/74LS380 


• 
Octal 
Register 
lor general 
purposes 
interfacing 
applications 


• 
8 bits match 
byte 
boundaries 


• 
Bus-structured 
pinout 


• 
24-pln 
SKINNYOIP'· 
saves space 


• 
3-state 
outputs 
drive 
bus lines 


• 
low 
current 
PNP 
inputs 
reduce 
loading 


Description 


The 
LS380 
is an 8-bit 
synchronous 
register 
with 
parallel 
load, 
load compliment, 
preset, clear, and hold capacity. 
Four control 
inputs (m, POL, ern, PR) provide 
one of four operations 
which 
occur 
synchronously 
on the rising edge of the clock 
(CLK). The 
LS380 combines 
the features 
of the LS374, LS377, LS273 and 
LS534 
into 
a single 
300 mil wide 
package. 


The 
LOAD 
operation 
loads the inputs 
(DrDo) 
into the output 
register 
(OrOo), 
when POL is HIGH, 
or loads the compliment 
of the 
inputs 
when 
POL is LOW. The CLEAR 
operation 
resets 
the output 
register 
to all LOWs. The PRESET operation 
presets 
the 
output 
register 
to all HIGHs. 
The 
HOLD 
operation 
holds 
the previous 
value regardless 
of clock transitions. 
CLEAR 
over- 
rides 
PRESET, 
PRESET 
overrides 
LOAD, 
and LOAD 
overrides 
HOLD. 


The 
output 
register 
(OrOo) 
is enabled 
when OC is LOW, and 


disabled 
(HI-Z) 
when OC is HIGH. 
The output 
drivers 
will sink 
the 24 mA required 
for many 
bus interface 
standards. 


OC 
ClK 
lO 
POL 
ClR 
PR 
07-00 
07-00 
OPERATION 


H 
X 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
1 
X 
X 
L 
X 
X 
L 
CLEAR 


L 
f 
X 
X 
H 
L 
X 
H 
PRESET 


L 
f 
H 
X 
H 
H 
X 
a 
HOLD 


L 
r 
L 
H 
H 
H 
D 
D 
LOAD 
true 


L 
r 
L 
L 
H 
H 
D 
5 
LOAD 
comp 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS380 
JS 
MIL 


SN74LS380 
NS, JS 
COM 


1165 East Arques Avenue, 
Sunnyvale, 
CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 
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MonolIthIc ~T!n 
MemorIes 
mJnJ.I 


• CRT vertical and horizontal timing generation 


• Bus-structured pinout 


• 24-pin SKINNYOIP'· 
saves space 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS491 
JS 
MIL 


SN74LS491 
NS, JS 
COM 


• 3-state outputs drive bus lines 


• low current PNP inputs reduce loading 


The ten-bit 
counter 
can count 
up, count 
down, set, and load 2 
LSB's, 2 MSB's and 6 middle 
bits high or low as a group. 
All 


operations 
are 
synchronous 
with 
the 
clock. 
SET 
overrides 
LOAD, COUNT 
and HOLD. LOAD overrides 
COUNT. 
COUNT 


is conditional 
on CIN, otherwise 
it holds. 


All outputs 
are enabled 
when 
OC is low, otherwise 
HIGH-Z. 
The 24 mA IOL 
outputs 
are suitable 
for 
driving 
RAM/PROM 
address 
lines in video graphics 
systems. 


OC 
ClK 
SET 
lO 
CNT 
CIN 
UP 
09-00 
09-00 
OPERATION 


H 
X 
X 
X 
X 
X 
X 
X 
Z 
HI-Z 


L 
I 
H 
X 
X 
X 
X 
X 
H 
Set all HIGH 


L 
! 
L 
L 
X 
X 
X 
D 
0 
LOAD 
D 


L 
I 
L 
H 
H 
X 
X 
X 
Q 
HOLD 


L 
! 
L 
H 
L 
H 
X 
X 
Q 
HOLD 


L 
! 
L 
H 
L 
L 
L 
X 
Q plus 1 
Count 
UP 


L 
! 
L 
H 
L 
L 
H 
X 
Q minus 
1 
Count 
DN 


VCC 


QO 


Q1 


Q2 


Q3 


Q4 
DATA 


Q5 
OUT 


Q6 


Q7 


Q8 


Q9 
oc 


1165 EastArqueaAvenue.Sunnyvale.CA 94086 
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MonolIthIc ~T!n 
MemorIes 
U1JlW 


SN54/74LS491 


16:1 Mux 
SN54/74LS450 


The 
16:1 Mux 
selects 
one of sixteen 
inputs, 
EO through 
E15, 
specified 
by four binary 
select inputs, 
A, S, C, and D. The true 


data is output 
on Y and 
the inverted 
data on W. Propagation 


delays 
are the 
same 
for 
both 
inputs 
and 
addresses 
and 
are 
specified 
for 50 pF loading. 
Outputs 
conform 
to the standard 
8 


mA LS totem 
pole 
drive 
standard. 


INPUT 
OUTPUT 


SELECT 
W 
Y 


0 
C 
B 
A 


L 
L 
L 
L 
EO 
EO 


L 
L 
L 
H 
E1 
El 


L 
L 
H 
L 
E2 
E2 


L 
L 
H 
H 
E3 
E3 


L 
H 
L 
L 
E4 
E4 


L 
H 
L 
H 
Es 
E5 


L 
H 
H 
L 
E6 
E6 


L 
H 
H 
H 
E7 
E7 


H 
L 
L 
L 
Ea 
E8 


H 
L 
L 
H 
E9 
E9 


H 
L 
H 
L 
El0 
El0 


H 
L 
H 
H 
Ell 
Ell 


H 
H 
L 
L 
E12 
E12 


H 
H 
L 
H 
E13 
E13 


H 
H 
H 
L 
E14 
E14 


H 
H 
H 
H 
E15 
E15 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS450 
JS 
MIL 


SN74LS450 
NS, JS 
COM 


1165 Eaa. Arques Avenue. Sunnyvale, CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 
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Dual 8:1 Mux 
SN54/74LS451 


• 24-pin SKINNYDIP'· 
saves space 


• Twice the density of 74LS151 


• Low current PNP inputs reduce loading 


Description 


The dual 8:1 Mux selects 
one of eight 
inputs, 
DO through 
07, 
specified 
by three 
binary 
select 
inputs, 
A, 8, and 
C. The true 


data is output 
on Y when 
strobed 
by S. ProfJagation 
delays are 
the same for inputs, addresses 
and strobes 
and are specified 
for 


50 pF loading. 
Outputs 
conform 
to the standard 
8 mA LS totem 


pole drive 
standard. 


INPUTS 
OUTPUTS 


SELECT 
STROBE 
Y 


C 
B 
A 
S 


X 
X 
X 
H 
H 


L 
L 
L 
L 
DO 


L 
L 
H 
L 
01 


L 
H 
L 
L 
02 


L 
H 
H 
L 
03 


H 
L 
L 
L 
04 


H 
L 
H 
L 
05 


H 
H 
L 
L 
06 


H 
H 
H 
L 
07 


PART NUMBER 
PACKAGE 
TEMPERATURE 


SN54LS451 
JS 
MIL 


SN74LS451 
NS, JS 
COM 


Monoll'hlc m1l11 
MemorIes In.In.LI 
1165 Ea.t ArqueaAvenue. Sunnyvale.CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 
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Quad 4:1 Mux 
SN54/74LS453 


Description 


The 
quad 
4:1 Mux selects 
one of four 
inputs, 
CO through 
C3, 
specified 
by two binary 
select 
inputs, 
A and B. The true data is 


output 
on Y. Propagation 
delays 
are the same for inputs 
and 


addresses 
and are specified 
for 50 pF loading. 
Outputs 
conform 


to the standard 
8 mA 
LS totem 
pole drive 
standard. 


INPUT 
OUTPUTS 


SELECT 
y 


B 
A 


L 
L 
CO 


L 
H 
C1 


H 
L 
C2 


H 
H 
C3 


PART 
NUMBER 
PACKAGE 
TEMPERATURE 


SN74LS453 
JS 
MIL 


SN54LS453 
NS, JS 
COM 


4C3 


lY 


2Y 


3Y 


4Y 


4C2 


3Cl 
4Cl 


4CO 


GND 
3C3 


MonolIthIc ~mn 
MemorIes In.UW 
1165 E•• t Arques Avenue, SunnyYllle, CA 94086 
Tel: (408) 739-3535 
TWX: 910-339-9229 
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HMSI Appendix 


Absolute Maximum Ratings 


Supply 
voltage V CC 
.............................................................•......•.............•............. 
7V 
Input 
voltage 
.........................•.....•..................................................................... 
5.5V 
Off-state 
output 
voltage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . • • . . . . . • . . . . . . . . . . . . . . . . . .. 
5.5V 


Storage 
temperature. 
.. . . . .•. 
. . . . . . .. . . .. . . . . .. .. . 
. . . . .. .. . . . . . . 
..•.. 
. .. 
. . ..•. 
_65° 
to +150°C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


I 
Low 
40 
35 
tw 
Width 
of clock 
ns 
I 
High 
30 
25 


tsu 
Set up time 
60 
50 
ns 
th 
Hold 
time 
0 
-15 
0 
-15 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
08 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
I, = -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
- MAX 
VI - O.4V 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
= MAX 
VI = 2.4V 
25 
I-'A 


II 
Maximum 
input 
current 
VCC 
- 
MAX 
VI = 5.5V 
1 
mA 


VCC 
= MIN 
MIL 
10L 
= 12mA 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
0.5 
V 


VIH 
= 2V 
COM 
10L 
= 24m A 


VCC 
= MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


10ZL 
VCC 
= MAX 
Vo 
= 0.4V 
-100 
;;A 
Off-state 
output 
current 
VIL 
= 0.8V 


10ZH 
VIH 
= 2V 
Vo 
= 2.4V 
100 
I-'A 


10S 
Output 
short-circuit 
current * 
VCC 
- 5.0V 
Vo 
- OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
- MAX 
120 
180 
mA 


* No more than one output 
should 
be shorted at a time and duration 
of the short-circuit 
should 
not exceed one second. 
t All typical 
values are at VCC 
= SV, TA 
= 25° C 


PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
SYMBOL 
UNIT 


(See Test 
Load.) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum 
clock 
frequency 
10.5 
12.5 
MHz 


tpo 
CI to CO 
delay 
CL 
= 50 pF 
35 
60 
35 
50 
ns 


IpO 
Clock 
10 Q 
R1 
=2oofl 
20 
35 
20 
30 
ns 


tpo 
Clock 
to CO 
R2 
= 3900 
55 
95 
55 
80 
ns 


tpzx 
Output 
enable 
delay 
35 
55 
35 
45 
ns 


tpxz 
Output 
disable 
delay 
35 
55 
35 
45 
ns 


Absolute Maximum Ratings 


Supply 
voltage 
V CC 
........................................................................•....................... 
7V 


Input 
voltage 
.............................•.....•.....•.......................•.............•..................... 
5.5V 


Off-state 
output 
voltage 
. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5V 


Storage 
temperature.. 
. . . 
. .•.. 
. . . . .. . . .•. 
. . . . 
. . 
. . . . . .. . . . . .. . ..•... 
. 
. .. . . . . . . . . .•.. 
. . . 
_65° 
to 
+150°C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 
I Low 
40 
35 


tw 
Width 
of clock 
I High 


ns 
30 
25 


tsu 
Set 
up 
time 
60 
50 


ns 


th 
Hold 
time 
0 
-15 
0 
-15 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPtMAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II = -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
= MAX 
VI = 0.4V 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
= MAX 
VI = 2.4V 
25 
!J.A 


II 
Maximum 
input 
current 
VCC 
= MAX 
VI 
- 5.5V 
1 
mA 


VCC 
= MIN 
MIL 
10L 
= 12mA 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
0.5 
V 


VIH 
= 2V 
COM 
10L 
= 24mA 


VCC 
- 
MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
24 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


lOlL 


VCC 
- 
MAX 
Vo 
= O.4V 
-100 
!J.A 


Off-state 
output 
current 
VIL 
= 0.8V 


10lH 
VIH 
= 2V 
Vo 
= 2.4V 
100 
!J.A 


10S 
Output 
short-circuit 
current * 
VCC 
- 5.0V 
Vo 
= OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
- 
MAX 
120 
180 
mA 


* No 
more than 
one output 
should 
be shorted 
at a time and duration 
of the short-circuit 
should 
not exceed 
one second. 


t All typical values are at VCC 
= SV, T A 
= 25° C 


~ ,...8BOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum 
clock 
frequency 
105 
12.5 
MHz 


tpo 
10. 11 to 
L1RO, 
RILO 
CL 
= 50 pF 
35 
60 
35 
50 
ns 


tpo 
Clock 
to Q 
R1 
= 2000 
20 
35 
20 
30 
ns 


tpo 
Clock 
to 
L1RO. 
RILO 


R2 
= 3900 
55 
95 
55 
80 
ns 


tplX 
Output 
enable 
delay 
35 
55 
35 
45 
ns 


tpXl 
Output 
disable 
delay 
35 
55 
35 
45 
ns 


Supply 
voltage 
Vcc 
. . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . .. 
7V 
Input 
voltage 
. . . . . . . . . • . . . . . • . . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5V 
Off-state 
output 
voltage 
..• 
. . . 
. . • . . . . . • . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5V 
Storage 
temperature. 
. . . . .... 
.. .... 
. . .... 
. . . . . .. . . . . ... 
. . ... 
. . . . . .. . . . .•. 
.. . . . . . . 
. . .. . ... 
. . . . . •... 
_65° 
to +150°C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 
I 
High 
40 
40 
tw 
Width 
of clock 
I 
ns 


Low 
35 
35 


tsu 
Set up time 
60 
50 
ns 
th 
Hold 
time 
0 
-15 
0 
-15 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
08 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II - -18mA 
-15 
V 


IlL 
Low-level 
input 
current 
VCC 
= MAX 
VI = O.4V 
025 
mA 


IIH 
High-level 
input 
current 
VCC 
- MAX 
VI - 2.4V 
25 
jJA 


II 
Maximum 
input 
current 
VCC 
- 
MAX 
VI - 5.5V 
1 
mA 


VCC 
= MIN 
MIL 
10L 
= 12mA 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
0.5 
V 


VIH 
= 2V 
COM 
10L 
= 24mA 


VCC 
= MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


10ZL 
VCC 
- MAX 


Vo 
= O.4V 
-100 
jJA 
Off-state 
output 
current 
VIL 
= 0.8V 


Vo 
= 2.4V 
100 
jJA 


'OZH 
VIH 
= 2V 


10S 
Output 
short-circuit 
current * 
VCC 
= 5.0V 
Vo 
= OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
- MAX 
120 
180 
mA 


* No more 
than 
one output 
should 
be shorted 
at a time 
and duration 
of the short-CIrcuit 
should 
not exceed 
one 
second 
t All typical values are at VCC 
= 5V, T A 
= 25° C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum 
clock 
frequency 
10.5 
12.5 
MHz 


tpo 
Clock 
to Q 
CL 
= 50pF 
20 
35 
20 
30 
ns 


tpzx 
Output 
enable 
delay 


R1 
= 2000 
35 
55 
35 
45 
ns 


tpxz 
Output 
disable 
delay 
R2 
= 3900 


35 
55 
35 
45 
ns 


Su pply voltage 
V cc 
...................................•.. 
. . . . . • . . . . . . . . . . . . . . . . . 
. . • . . . . . . . • . . . . . . . . . . .. 
7V 


Input 
voltage 
..................•.. 
. . . . . . . . . . . . . . . .•. 
.........•.....•......... 
. . . . . . . . . . 
. . . . . . .. 
5.5V 
Off-state 
output 
voltage 
• . . . . . 
. . . . . . . . . . . . . . . 
. . . . . . . . . . 
. . . . . . . . . . . . . .. 
5.5V 


Storage 
temperature. 
. . . . .•. 
. . . . 
. . 
. . . . 
.. 
. . 
. . 
. . . . .. . . 
.. 
_65° 
to 
+150°C 


SYMBOL 
PARAMETER 
MILITARY 
COMMERCIAL 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


I High 
40 
40 
tw 
Width 
of clock 
I Low 
ns 
35 
35 


tsu 
Set 
up time 
60 
50 
ns 
th 
Hold 
time 
0 
-15 
0 
-15 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II - 
-18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
- 
MAX 
VI 
- 0.4V 
025 
mA 


IIH 
High-level 
input 
current 
VCC 
= MAX 
VI 
- 2.4V 
25 
)1A 


II 
Maximum 
input 
current 
VCC 
- 
MAX 
VI 
- 5.5V 
1 
mA 


VCC 
- 
MIN 
MIL 
10L 
= 12mA 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
05 
V 


VIH 
= 2V 
COM 
10L 
= 24mA 


VCC 
= MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
V,L 
= 0.8V 
24 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


lOlL 
VCC 
- 
MAX 
Va 
= 04V 
-100 
)1A 
Off-state 
output 
current 
VIL 
= 0.8V 
Va 
= 2.4V 
100 
)1A 
10lH 
VIH 
= 2V 


10S 
Output 
short-circuit 
current * 
VCC 
- 
5.0V 
Va 
= OV 
-30 
-130 
mA 


ICC 
Su pply 
current 
VCC 
- 
MAX 
120 
180 
mA 


* No more than one output should be shorted at a tIme and duration of the short-CircUIt should not exceed one second 
t All typical 
values 
are at VCC = 5V. T A = 25° C 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See 
Test 
Load,) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


fMAX 
Maximum 
clock 
frequency 
10.5 
12.5 
MHz 


tpo 
Clock 
to Q 
CL 
= 50pF 
20 
35 
20 
30 
ns 


tplX 
Output 
enable 
delay 
R1 
= 2oo!1 
35 
55 
35 
45 
R2 
= 390!1 
ns 


tpxz 
Output 
disable 
delay 
35 
55 
35 
45 
ns 


Absolute Maximum Ratings 


Supply 
voltage 
V CC 
.............•.......................•...............................••......................... 
7V 
Input 
voltage 
..............•...........•.....•.....•.....•...........•......•.....••......•....................... 
5.5V 
Off-state 
output 
voltage 
. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5.5V 
Storage 
temperature. 
... 
..•.. 
..•. 
... 
.•....... 
... 
.•... 
. .•. 
.....•.. 
..... 
... 
.•. 
.. .. .•. 
.. .. .•... 
.. .•.. 
... 
_65° 
to +150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
I-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
= MIN 
II - -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
= MAX 
VI - 0.4V 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
= MAX 
VI = 2.4V 
25 
IlA 


II 
Maximum 
input 
current 
VCC 
- MAX 
VI = 5.5V 
1 
mA 


VCC 
= MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
10L 
= 8mA 
0.5 
V 


VIH 
= 2V 


VCC 
= MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


10S 
Output 
short-circuit 
current * 
VCC 
- 5.0V 
Vo 
= OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
MAX 
60 
100 
mA 


* No more than one output should be shorted at a time and duration of the short-CirCUit should not exceed one second. 
t All typical values are at VCC 
= 5V, T A 
= 25°C 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNIT 
(See Test Load') 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL 
= 50 pF 


tpo 
Any 
input 
to Y or W 
R1 
= 5600 
25 
45 
25 
40 
ns 


R2 
= 1.1kO 


Absolute Maximum Ratings 


Supply 
voltage 
V CC 
...........................................•.....•.....••...........•.......•................... 
7V 


Input 
voltage 
......................•..........•...........•.....•.....•.....•.....••.....•........................ 
5.5V 


Off-state 
output 
voltage 
.... 
. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .. 
5.5V 


Storage 
temperature... 
. . . . . . .. . . .. . .. . . . . .. . .. .•. 
. . . ... 
. ..••. 
. .. . .. . ..•... 
. . . . . . .. .•.. 
. . .•.. 
... 
. . . .. ... 
-65° 
to 
+150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
4.5 
5 
5.5 
475 
5 
525 
V 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
- 
MIN 
II - 
-18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
= MAX 
VI = O.4V 
025 
mA 


IIH 
High-level 
input 
current 
VCC 
- 
MAX 
VI = 2.4V 
25 
!J.A 


II 
Maximum 
input 
current 
VCC 
- 
MAX 
VI 
- 5.5V 
1 
mA 


VCC 
- 
MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
10L 
= 8mA 
05 
V 


VIH 
= 2V 


VCC 
= MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


10S 
Output 
short-circuit 
current * 
VCC 
- 5.0V 
Vo 
= OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
= MAX 
60 
100 
mA 


* No more than one output should be shorted at a time and duration of the short-cirCUlt 
should not exceed one second. 


t All typical values are at VCC 
= 5V, T A 
= 25°C 


TEST CONDITIONS 
MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 
(See Test Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL 
= 50 pF 


tpo 
Any 
input 
to 
Y 
R 1 = 5600 
25 
45 
25 
40 
ns 


R2 
= 1.1kO 


Absolute Maximum Ratings 


Su pply voltage 
V CC 
.............•................•......................•............•............•......•......... 
7V 


Input 
voltage 
.........................•........................................................................... 
5.5V 


Off-state 
output 
voltage 
............................................•.....• 
. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 
5.5V 


Storage 
temperature 
................................................•..........•......•......•.....••... 
-65° 
to 
+150°C 


MILITARY 
COMMERCIAL 
SYMBOL 
PARAMETER 
UNIT 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


VCC 
Supply 
voltage 
45 
5 
55 
4.75 
5 
5.25 
V 


TA 
Operating 
free-air 
temperature 
-55 
0 
75 
°c 


TC 
Operating 
case 
temperature 
125 
°c 


SYMBOL 
PARAMETER 
TEST 
CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


VIL 
Low-level 
input 
voltage 
0.8 
V 


VIH 
High-level 
input 
voltage 
2 
V 


VIC 
Input 
clamp 
voltage 
VCC 
- 
MIN 
II 
- -18mA 
-1.5 
V 


IlL 
Low-level 
input 
current 
VCC 
- 
MAX 
VI = O.4V 
0.25 
mA 


IIH 
High-level 
input 
current 
VCC 
- 
MAX 
VI 
- 2.4V 
25 
IJA 


II 
Maximum 
input 
current 
VCC 
- 
MAX 
VI 
- 5.5V 
1 
mA 


VCC 
- 
MIN 


VOL 
Low-level 
output 
voltage 
VIL 
= 0.8V 
10L 
= 8mA 
05 
V 


VIH 
= 2V 


VCC 
= MIN 
MIL 
10H 
= -2mA 


VOH 
High-level 
output 
voltage 
VIL 
= 0.8V 
2.4 
V 


VIH 
= 2V 
COM 
10H 
= -3.2mA 


10S 
Output 
short-circuit 
current * 
VCC 
= 5.0V 
Vo 
- OV 
-30 
-130 
mA 


ICC 
Supply 
current 
VCC 
- 
MAX 
60 
100 
mA 


* No more than one output should be shorted at a time and duration of the short-Circuit should not exceed one second 
t All typical values are at VCC :::SV. T A 
::: 25°C 


SYMBOL 


TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
PARAMETER 
UNIT 


(See 
Test 
Load) 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


CL 
= 50 pF 


tpo 
Any 
input 
to Y 
R1 
= 5600 
25 
45 
25 
40 
ns 


R2 
= 1.1kO 
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885-5106 
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870-9191 
Comp 
Rep 
Associates 
(617) 
329-3454 
REP, 
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Georgia 


Ohio 
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445-7429 
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DeVoe 
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(317) 
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